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A method for assembling a structure us- 
ing a filler alloy which includes aluminum and 
scandium. The method generally includes se- 
lecting parts for the structure which are formed 
from aluminum and/or an aluminum alloy and 
welding the same together with the aluminum- 
scandium filler alloy. Similar to the filler al- 
loy, the parts may also include scandium. In 
one embodiment, the filler alloy and/or the 
parts further include zirconium. A method for 
assembling a bicycle frame is also provided. 
The method includes the steps of forming a 
first tube, at least a portion of which com- 
prises scandium, forming a second tube, at 
least a portion of which comprises scandium, 
and joining the first and second tubes together. 
A number of aluminum-based alloys are also 
disclosed which possess enhanced properties. 
The alloys include scandium in combination 
with other alloying elements such as, for exam- 
ple, zirconium, copper, magnesium and silicon. 
Furthermore, applications for aluminum alloys 
containing scandium with or without zirconium 
additions. Such modified aluminum alloys pos- 
sess enhanced properties and exhibit improved 
processing characteristics, and, as such, are es- 
pecially suited for use in recreational and ath- 
letic structures and components, and in cer- 
tain aerospace, ground transportation and ma- 
rine structures and components. 
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ALUMINUM- SCANDIUM ALLOYS AND USES THEREOF 
FIELD OF THE INVENTION 
The present invention relates generally to aluminum- 
5 based alloys and, more particularly, to aluminum- based 
alloys comprising scandium in combination with other 
alloying elements to enhance various characteristics of the 
alloy, especially when utilized as a base or filler alloy 
in a welding application. 

10 

BACKGROUND OF THE INVENTION 
The weldability of aluminum alloys (i.e., the base 
alloy or material) can be defined as the alloy's resistance 
to hot tearing during weld solidification. The primary 

15 factors that render aluminum alloys more susceptible to 
developing hot tears during welding relative to other 
metallic alloy systems are the relatively high thermal 
expansion coefficient and solidification shrinkage of 
aluminum. These factors are further compounded when one or 

20 more alloying elements are added to aluminum to achieve 
technologically useful engineering alloys with improved 
properties (e.g., strength and elongation). More 
specifically, unlike pure aluminum, which has a definite 
melting temperature, two- component or multi- component 

25 aluminum alloys solidify over a wide temperature interval 
between the liquidus and solidus temperatures. A large 
solidification range allows more time foi the deleterious 
thermal expansion and volumetric changes to generate 
sufficient stresses that ultimately cause tearing of the 

30 liquid films that partition into interdendritic sites. 
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Many high strength aluminum alloys have been developed 
and are generally categorized according to the primary 
alloying addition (e.g., Al-Cu:2XXX; Al-Mg:5XXX; Al- 
Si:6XXX; and Al-Zn:7XXX) . Since there is a single primary 
5 alloying element, these alloys are commonly referred to as 
binary systems. However, certain ancillary alloying 
additions are often included to produce a wide range of 
alloys that are targeted for several end use applications. 
It is standard practice, for example, to add grain refining 

10 elements, such as Ti, Zr, Cr, Mn, V, Yt, Nb, B, TiB 2 and Hf , 
to further improve the processing characteristics and 
properties of these alloy systems. Due to the enhanced 
properties of these types of alloys, it would be desirable 
to use these types of alloys in structures which are 

15 preferably assembled via welding. 

The weldability of high strength aluminum alloys is 
dependent at least in part on the amount of the alloying 
elements in the base material . The general behavior of 
binary alloy systems in welding applications can be divided 

20 into three categories: very low alloying levels, high 
alloying levels approaching the solid solubility limit in 
aluminum, and intermediate alloying levels. At very low 
alloying levels approaching pure aluminum, cracking during 
solidification is very low since dendrites tend to 

25 interlock with virtually no formation of an interdendritic 
liquid film. At high alloying levels, relatively low 
cracking is also observed. Even though there is a 
relatively large solidification range with the formation of 
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interdendritic liquid films, any hot tearing that occurs 
during solidification is healed by the backfilling of the 
last- to-solidify eutectic liquid. This is particularly 
evident in the binary alloys that form eutectic phases 
5 (e.g., Cu, Mg and Si) . It is the intermediate alloy levels 
that are most susceptible to hot tearing. Although a 
eutectic liquid film partitions into interdendritic sites, 
the thermal contraction of the dendrites induces sufficient 
strain to tear these liquid films, thereby resulting in the 

10 presence of cracks in the solidified weldment . In contrast 
to the highly alloyed binary alloys, there is an 
insufficient amount of eutectic liquid available to mend 
hot tears . An exception to these trends was reported for 
Zn additions. Since there is no eutectic phase in the Al- 

15 Zn system, hot tearing susceptibility continuously 
increases as Zn content is increased. 

In addition to the amount of alloying elements having 
an effect on weldability of binary systems, the type of 
ternary alloying elements plays a key role in affecting 

20 weldability. For instance, many strength- increasing 
additions to binary alloy systems have deleterious effects 
on weldability. For example, small additions of Mg to Al- 
Cu (i.e,, 2XXX alloys) significantly improves the alloy 
strength. One example, alloy 2024 (Al-4.3 Cu-1.5 Mg-0.60 

25 Mn) is widely used in aircraft construction. Since the Mg 
additions greatly increase the melting range, however, 
weldability is severely compromised. Consequently, 
alloy 2024 is typically not used in welded structures. The 
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highest strength alloys are the Al-Zn-Mg (i.e., 7 XXX 
system), particularly those with Cu additions. The 
additions of Cu can increase the solidification range by as 
much as 100 °C, generally resulting in poor weldability. 
5 Thus, despite the promising properties of these alloys, 
they are rarely used in situations which require adequate 
weldability . 

Given the current limitations with regard to the use 
of the high strength aluminum alloys in welded structures, 

10 it would be highly desirable to redesign these alloys to 
enhance weldability while either maintaining or increasing 
mechanical properties, such as strength and elongation. 

Another important component in welding aluminum alloys 
is the filler wire. With most welding processes, an 

15 initial penetration pass with the welding torch causes 
displacement of the molten metal into the opposite side of 
the plate. It is necessary to compensate for this 
displacement by continuous feeding of a filler alloy into 
the weldment either during the initial penetration pass or 

2 0 in a number of subsequent multiple passes. The resulting 
weldment is then a mixture of the original base alloy and 
the filler alloy with the ratio of the filler alloy and 
base alloy mixture being dependent upon the joint geometry. 
For example, a "V- joint" geometry is typically employed 

2 5 when welding relatively thick aluminum plate and contains 
a proportionally high amount of filler alloy (e.g., 70%- 
90%) . At the other end of the spectrum is the butt joint 
geometry that is used for relatively thin gauge weldments, 
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resulting in a relatively low filler alloy content (e.g., 
10%-30%) . 

Modern references to weldability indicate that filler 
alloy selection can greatly influence hot tearing 
5 resistance, particularly at high dilution levels (i.e., 
high filler alloy content) . By examining a listing of 
aluminum filler alloy compositions, it can be observed that 
most filler alloys contain a high level of one solute 
(e.g., Cu, Si, or Mg) and grain refining elements (e.g., 
10 Mn, Cr, Ti, Zr, V, Yt, Nb, B, TiB 2 and Hf ) . Since these 
alloys are designed only for welding purposes, it is 
typically a filler alloy design constraint that only one 
major alloying addition can be made to minimize the 
solidification range. Accordingly, filler alloys rarely 
15 obtain the properties of complex wrought aluminum alloys 
such as 2024, 7075 and 6061. Further, when a filler alloy 
is deposited, the weld microstructure is similar to the 
lowest strength, as -cast condition, further resulting in 
low strength properties. The combination of limiting 
20 filler alloy compositions to one primary alloying addition 
and the fact that strength properties are in accordance 
with the as -cast condition results in weldment yield 
strength properties that are as low as one -third that of 
the base alloy. Accordingly, a design that involves a 
25 welded plate is often three times thicker than the non- 
welded portions of the structure, resulting in a severe 
weight penalty. In weight -critical aerospace structures, 
this design constraint is overcome by using a thick plate 
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in the areas to be welded and chemically milling the 
remaining areas. This approach can somewhat alleviate the 
weight penalty, but can create other problems such as 
additional material cost, added processing cost, and 
5 adverse effects on the environment by converting the 
majority of the aluminum plate to toxic chemical waste. 

It would be highly desirable to offer designers of 
welded structures an improved approach for fabricating 
aluminum structures. Such approach could involve 

10 modifications to both the aluminum base alloy and the 
aluminum filler alloy. 

Aluminum alloys possess an excellent combination of 
mechanical and physical properties. By combining these 
properties of aluminum alloys with the relatively low 

15 density of such alloys, designers are able to produce 
reliable, lightweight structures. Moreover, a wide range 
of alloy systems and tempers offer structural designers 
several options to utilize the appropriate alloys that are 
specifically designed for particular operating loads or 

2 0 environments . 

It is typical for all aluminum alloys to contain grain 
refining elements such* as Zr, Ti, Cr f Mn and V. Grain 
refining elements help nucleate grains during casting by 
forming intermetallic phases with Al . For example, Ti will 

25 form the TiAl 3 phase which nucleates an a - aluminum 
particle as solidification of the molten metal occurs. The 
large number of TiAl 3 particles help to nucleate a: - 
aluminum in several areas. Accordingly, the solidified 
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grain structure is much finer than would be observed in an 
aluminum alloy without grain refining additions, thereby 
improving the f abricability during subsequent hot working 
operations. 

5 Another function of a grain refining element is to 

form coherent-* (e.g. , Al 3 Zr) and non- coherent (e.g., Al 12 Mg 2 Cr 
and Al 20 Mn 3 Cu 2 ) insoluble phases during casting and ingot 
preheat. These thermally stable dispersoids prevent or 
delay static recrystallization during processing. In 

10 addition, the dispersoid phase pins the elongated grain 
boundaries that develop during processing and inhibits 
recrystallization that would otherwise occur during the 
solution heat treatment steps. 

Among all alloying elements used to strengthen wrought 

15 aluminum alloys, scandium (Sc) , despite its rare 
occurrence, has received significant attention. For 
instance, U.S. Pat. No. 3,619,181 to Willey discloses the 
addition of Sc to a wide range of binary, ternary and 
multi component alloy systems. It is claimed that the 

20 aluminum alloys that can be strengthened with Sc additions 
include wrought aluminum alloys identified by the Aluminum 
Association such as 7075, 7079, 7178, 7005, 7039, 6061, 
6351, 6161, 6063, 5005, 5050, 5052, 5083, 5454, 5456, 3003, 
3005, 2014, 2017, 2618, 2219, 2020 and 2024. Several model 

25 alloy systems were fabricated with and without Sc additions 
and tested for strength and ductility. Additions of 0.2 to 
0.4 weight percent Sc caused both tensile strength and 
yield strength to increase by between 6 and 50 percent. 
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The use of a cold working step for the Sc alloys caused 
further increases in strength. 

Sawtell and Jensen reported enhanced strength and 
superplastic fozmability when adding Sc to the wrought 
5 Al-Mg system (see "Mechanical Properties and 
Microstructures of Al-Mg-Sc alloys," Sawtell, R.R. and 
Jensen C.L., Metallurgical Transactions , V. 21A, February, 
1990, pp. 421-430) . It was stated that the equilibrium 
precipitate phase Al 3 Sc is the most potent strengthener 

10 known in the aluminum based alloy system on an equal atomic 
fraction basis. 

U.S. Pat. No. 5,055,257 to Chakrabarti et al . 
documents the enhancement of superplastic forming by using 
the thermal stability of the Al 3 Sc precipitates. 

15 Improvement in total superplastic elongation was achieved 
in a wrought Al-Mg alloy. It was also noted that the total 
time to achieve a certain strain level was two orders of 
magnitude greater than previously achieved with other 
superplastic alloys. Based on this information, it was 

20 emphasized that similar mechanistic improvements can be 
realized for other wrought aluminum alloys in the 2 XXX and 
7 XXX systems . 

U.S. Patent Application Serial No. 08/249,023, filed 
May 25, 1994, from which this patent application is a 
25 continuation-in-part thereof, discloses the use of Sc in 
combination with several other dispersoid forming elements 
to enhance the weldability and weld strength of aluminum 
alloys in the 2 XXX, 5 XXX, 6 XXX and 7 XXX wrought alloy 
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systems. The Sc additions are especially advantageous when 
added to both the base alloy to be welded and the filler 
alloy. An alloy design technique was used whereby 
conventional grain refining elements such as Cr and Mn were 
5 replaced by Sc + Zr. In one particularly interesting 
example, alloy 6061 was subjected to a weldability test 
known as the "patch test" to assess its resistance to hot 
cracking. The total crack length measurements ranged from 
31.8 mm to 43.4 mm, corroborating published data that show 

10 6061 as the most crack sensitive alloy among all aluminum 
alloys. When the Cr was removed and replaced by Sc and Zr, 
cracking during the patch test was reduced to 0 mm. Thus, 
the approach to replace conventional grain refining 
elements with Sc + Zr can convert the worst known alloy 

15 with regard to hot cracking resistance to one that displays 
no hot cracking . 

U.S. Patent Application Serial No. 08/311,958, filed 
September 26, 1994, discloses the use of Sc to greatly 
improve the strength of aluminum casting alloys. A 356 

20 type alloy, which usually displays a 43% lower yield 
strength value relative to 357, was alloyed with Sc to 
produce a 33% strength advantage relative to 35 7 as 
measured by bend testing. Accordingly, several other 
aluminum casting alloys were proposed for property 

25 improvement by using the principles disclosed in the 
invention. 

Alloy development efforts can, of course, concentrate 
on any number of desired objectives for a given product 
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application. Two common design objectives for some alloy- 
systems are enhanced strength characteristics and reduced 
weight. One product area where high mechanical properties 
and light weight is becoming paramount to performance is 
5 the field of athletic equipment. A specific athletic 
endeavor where use of advanced materials is increasingly 
evident is the bicycle, and in particular, mountain 
bicycles that are designed for demanding off road use such 
as mountain trails. The high performance models are 
10 usually comprised of a welded aluminum or titanium frame 
with several components such as handle bars, pedals, 
seatposts, wheel rims, crank arms, suspension forks, etc. 
that are designed using light weight, high strength metal 
alloys . 

15 The importance of weight reduction in bicycles is 

evidenced by the significant growth of the after-market for 
bicycle components. Advertisements for such parts usually 
specify the weight of the component in grams so the rider 
can determine whether replacement of an existing part can 

2 0 be made to reduce the overall weight of the bicycle 
structure. This approach can be taken in lieu of 
purchasing an entire bicycle. 

In a recent article ("How to Shave Weight", Mountain 
Bike Action . December 1994, p. 78), the importance of 

25 decreasing the weight of a bicycle was emphasized, and 
several steps were divulged to enable riders to decrease 
the total weight of the bicycle by replacing several 
components. As an example, a 135 gram (g) titanium 
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handlebar or a 148 g aluminum alloy handlebar can replace 
an existing steel alloy handlebar, thereby shaving 100 to 
200 g. The same principle was applied to seatposts, 
saddles, wheels and several other parts. When added 
5 together, it was stated that several pounds of weight can 
be shaved. This weight reduction significantly improves 
the climbing ability of the rider without sacrificing the 
structural integrity of the bicycle. 

Aerospace structures are constructed primarily from 

10 aluminum alloys. Since designers are continually seeking 
alloys with enhanced properties to decrease the weight of 
aircraft, aluminum companies devote a significant amount of 
research and development resources to introduce new 
aluminum alloys with enhanced properties. Because the 

15 aerospace structure production infrastructure is already 
established for aluminum alloys, the typical design 
approach is to introduce a new alloy with improved 
properties that can be integrated into the structure using 
conventional manufacturing methods. 

20 In simplistic terms, an alloy with improved strength 

can be introduced with a thickness reduction that is 
proportional to the strength advantage. By using a space 
launch vehicle as an example, it is evident that a new 
alloy with a 10% strength advantage can be used to decrease 

25 the thickness of the propellant tank wall by 10% while 
maintaining an equivalent load carrying capacity of the 
original alloy. On a structure such as the Space. Shuttle' s 
External Tank, a 10% reduction throughout the 66,000 pound 
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tank structure would make a significant impact by shaving 
6600 pounds. It should be noted that other properties such 
as stress corrosion resistance and fracture toughness, 
along with manufacturing processes such as welding and 
5 forming, must be thoroughly addressed before introducing a 
new alloy. 

It is estimated that a one pound reduction in airplane 
structural weight will save 300 to 400 gallons of fuel over 
the projected lifetime of the aircraft (see Quist, W.E. 

10 et.al., "Aluminum- Lithium Alloys for Aircraft Structure - 
An Overview, " Aluminum -Lithium Alloys II Conference 
Proceedings . Starke, E.A.Jr. and Sanders, T.H. Jr. , eds . , 
1983, pp. 313-334.). With the potential for saving 
hundreds or thousands of pounds by replacement of existing 

15 aluminum alloys with alloys that display incremental 
property improvements, it is evident that airplane fuel 
consumption can be significantly reduced. 

Recent government mandates have been issued to 
automotive manufacturers to improve fuel efficiency of 

2 0 vehicles and thereby decrease emissions that are harmful to 
the environment. Accordingly, the design strategy to 
reduce the vehicle weight by using aluminum alloys in place 
of steel is gaining momentum in the automotive industry. 
Automotive designers, however, must maintain the 

25 crashworthiness of the vehicle at an acceptable level while 
achieving weight reduction. 

The benefits of vehicular weight reduction apply not 
only to consumer passenger vehicles, but other types as 
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well . For instance, major transport organizations such as 
an urban-based bus systems could greatly benefit from 
reduced vehicular weights and realize a significant 
reduction of fuel consumption and air pollution in a 
5 specific geographical area. Moreover, a truck fleet which 
transports liquid or cryogenic liquid products can not only 
benefit from weight reduction for the above -noted reasons, 
but also by reducing trucking fees that are based on the 
total weight of the truck. Accordingly, the fee amount can 

10 be saved for every trip that a truck makes throughout the 
life of the vehicle. 

A fourth product area where reduced weight would.be 
advantageous is marine structures. By employing the 
aforementioned principles utilized in aerospace and 

15 automotive structures, marine structures can be improved by 
introducing high strength, corrosion resistant alloys.' 



SUMMARY OF THE INVENTION 
The present invention generally relates to aluminum 

20 alloys which contain scandium. More specifically, the 
present invention includes a number of methods relating to 
the assembly of structures using scandium- containing 
aluminum alloys, as well as a number of novel compositions 
of scandium- containing aluminum alloys. 

25 In one aspect, the present invention is a method for 

assembling a structure using a filler alloy which includes 
aluminum and scandium. More specifically, the method 
includes selecting parts for the structure which are formed 
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from aluminum and/or an aluminum alloy and welding the same 
together with the aluminum- scandium filler alloy. 
Preferably, the aluminum- scandium filler alloy is 
substantially free of lithium and/or the aluminum- scandium 
5 filler alloy also includes zirconium. Moreover, 
preferably, the parts of the structure welded together with 
the noted aluminum- scandium filler alloy also include 
scandium, and preferably have a similar scandium content as 
the aluminum- scandium filler alloy. It should be noted 

10 that these aluminum- scandium filler alloys may also be used 
for weld repair, wherein an existing weld is subjected to 
a grinding operation and then rewelded with one of the 
noted aluminum- scandium filler alloys. 

In another aspect, the present invention relates to a 

15 bike frame structure which utilizes a scandium- containing,' 
preferably aluminum, alloy. For instance, the bike frame 
may be assembled by a method which includes forming at 
least the adjacent ends of two tubes, and preferably all of 
two tubes, from a scandium- containing alloy. These ends 

2 0 may be placed in abutting engagement and joined, such as by 
welding the tubes together with the above -noted types of 
aluminum- scandium filler alloys. 

In one embodiment, the compositions of the welded 
parts and/or the filler alloys comprise from about 0.02 to 

2 5 about 10.0, and preferably from about 0.1 to about 0.5, 
weight percent scandium. Moreover, and as noted, the 
compositions of the welded parts and/or the filler alloy 
may further comprise zirconium, for example, in an amount 
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ranging from about 0.01 to about 1.0, and preferably from 
about 0.05 to about 0.22, weight percent. When zirconium 
is present, the weight ratio of the scandium to the 
zirconium in the compositions of the welded parts and/or 
5 the filler alloy may range from about 1000:1 to about 
0.02:1 and is preferably about 3:1. Moreover, scandium and 
zirconium may be the only grain refiners for the aluminum- 
scandium filler alloy. 

In another aspect, the present invention is directed 

10 to a number of aluminum- based alloys which possess enhanced 
properties (e.g., weldability, strength and/or elongation) . 
In addition to aluminum, the alloys each comprise - a 
specific amount (i.e., a range) of scandium in combination 
with specific amounts (i.e., ranges) of other alloying 

15 elements. For example, alloys having enhanced weldability 
characteristics have been developed by adding scandium in 
combination with zirconium and other grain refiners. Other 
alloying elements may include scandium in combination with 
designated amounts of copper, magnesium or silicon. 

2 0 The present invention also generally relates to 

aluminum alloys which contain scandium. More specifically, 
the present invention includes a number of applications for • 
which aluminum alloys containing scandium with or without 
zirconium additions are especially suited. 

25 In one aspect, the present invention relates to 

recreational and athletic structures and components 
comprising aluminum alloys which include scandium and/or 
zirconium. More specifically, based upon enhanced 
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properties and improved processing characteristics, 
modified type 2 XXX, 4 XXX, 5 XXX , 6 XXX, 7 XXX, Al-Cu-Li-Mg, 
and Al-Mg-Li aluminum alloys are particularly useful for a 
variety of athletic or recreational equipment, such as 
5 bats, arrows, ski poles, hockey sticks, bicycle components, 
golf shafts, golf club heads, racquets, athletic wheel 
chairs, tent poles, snow shoes, backpack frames, wind 
surfing frames, lacrosse sticks, sailboat masts and booms, 
javelins, motorbikes, motorbike components, jetskis, 

10 seadoos , and snowmobiles * 

In another aspect, the present invention relates to 
aerospace structures and components comprising aluminum 
alloys which include scandium and/or zirconium. In 
particular, it lified aluminum alloys, such as modified 

15 2 XXX, 5 XXX, 7XXX, Al-Cu-Li-Mg, and Al-Mg-Li type alleys are 
especially useful for aero ace structures * nd compone. 
such as aircraft struct:. .res anc/or ch vehic. 

structures . 

In yet another aspect, the present inve. on relates 
2 0 to ground transportation structures and components 
comprising aluminum alloys which include scandium and/or 
zirconium. More specifically, modified aluminum alloys, • 
such as modified 2 XXX, 4 XXX, 5 XXX, 6 XXX, 7 XXX and £:-Cu-Li- 
M 9" fc YP e alloys are particularly useful for ground 
2 5 transportation structures and components, such as 
automobile parts and components and/or people movers. 

In another aspect, the present invention relates to 
marine structures and components comprising aluminum alloys 
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which include scandium and/or zirconium. In particular, 
modified aluminum alloys, such as 4 XXX, 5 XXX, 7 XXX, Al-Cu- 
Li-Mg and Al-Mg-Li type alloys are especially suited for 
use for certain marine structures, such as canoes, torpedo 
5 casings, scuba diving tanks, sea launched missiles, naval 
fighter aircraft, ferries, yachts and/or recreational 
boats . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 illustrates the percentage of weld cracking in 
the Houldcroft crack susceptibility test for two Al-Mg-Sc- 
(Ti) filler alloys and a conventional 5356 type filler 
alloy in combination with an Al-Zn-Mg-Cu-Zr base alloy with 
various levels of Sc additions. 

Fig. 2 illustrates the percentage of weld cracking in 
the Houldcroft crack susceptibility test for two Al-Cu-Sc- 
Zr- (Ti) filler alloys and a conventional 2319 type filler 
alloy in combination with alloy 2618 and two modified Al- 
Cu-Mg-Ni-Fe base alloys with various levels of Sc + Zr 
additions. 

DETAILED DESCRIPTION 
Methodologies are disclosed herein for assembling a 
structure which includes at least first and second parts . 
25 One method generally comprises the steps of selecting 
compositions for the first and second parts, the 
compositions comprising at least about 60 weight percent 
aluminum, selecting a filler alloy comprising scandium and 
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at least about 60 weight percent aluminum, and welding the 
first and second parts utilizing the filler alloy. 

The above -noted welding step may be performed 
utilizing any appropriate welding operation. For example, 
5 welding of aluminum alloys may be performed utilizing 
tungsten- inert gas welding, metal inert gas welding, plasma 
arc welding, laser-beam welding, electron beam welding, 
diffusion welding, friction welding, ultrasonic welding, 
explosion welding, or any other appropriate welding 

10 operation. The above-noted method is particularly useful 
for welding an abutting joint between the first and second 
parts. In this regard, the welding step may comprise 
positioning the first and second parts in an abutting joint 
geometry, such as a butt joint, a V-shaped joint or a 

15 double V-shaped joint. The first part may subsequently be 
welded to the second part to form a welded abutting joint. 

The selection of the particular filler alloy 
composition may have an effect on the degree of weld 
performance and/or may be dictated or controlled by the 

20 composition of the base material. However, generally the 
filler alloy composition identified for use in the above- 
noted methodologies includes from about 0.02 to about 10.0, 
and preferably from about 0.1 to about 0.5, weight percent 
scandium. In a preferred embodiment, the filler alloy 

25 composition includes about 0.40 weight percent scandium. 
Zirconium may also be present in the filler alloy 
composition, preferably in the amount of from about 0.01 to 
about 1.0, and more preferably 0.05 to about 0.22, weight 
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percent. In one embodiment, the filler alloy composition 
comprises about 0.15 weight percent zirconium. Enhanced 
performance of the filler alloy may be realized by 
utilizing specific ratios of scandium and zirconium. For 
5 instance, in one embodiment the weight ratio of the amount 
of scandium to the amount of zirconium in the filler alloy 
composition preferably ranges from about 1000:1 to about 
0.02:1, more preferably, about 3:1. In fact, in one 
embodiment, the filler alloy. may utilize only scandium and 
10 zirconium as the grain refiners. 

In addition to the foregoing, it is generally 
desirable for the noted filler alloy composition to be free 
of lithium and the presence of Li would only be observed as 
an unavoidable impurity. Specific filler alloy 

15 compositions which conform to the foregoing include: Al - 
6.0 Cu - 0.5 Sc - 0.2 Zr; Al - 5.0 Mg - 0.5 Sc - 0 . IS Zr; 
and Al - 5.3 Si - 0.5 Sc. 

Similar to the noted aluminum- scandium filler alloy, 
it may be desirable to include scandium in the base metal 
20 compositions when practicing the noted methodology. In 
this regard, the specific amounts of scandium in the 
compositions of such parts are generally in accordance with 
the amounts noted above with respect to the filler alloy. 
In general, however, the amount of scandium in a filler 
25 alloy will tend to be slightly higher than the amount of 
scandium in a corresponding base alloy to account for the 
generally poorer properties associated with welded filler 
alloys, as noted above. The compositions of the parts may 
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further include zirconium in amounts commensurate with 
those noted above for the filler alloys. Moreover, the 
weight ratios of scandium to zirconium in the compositions 
are also commensurate with the noted weight ratios for the 
5 filler alloys. 

One product application particularly advantageous for 
employing the above -noted methodology is for production of 
bicycles. In one embodiment for this product application, 
a scandium- containing, preferably aluminum, alloy may be 

10 utilized in a bicycle frame structure. As such, the 
methodology may be adapted for assembling the bicycle 
frame. This method generally includes the steps of forming 
a- first tube comprising scandium, forming a second tube 
comprising scandium, and joining the first and second tubes 

15 together. The scandium may be concentrated in the end 
portions of the tubes or, alternatively, may be evenly 
distributed throughout the tubes. This methodology may be 
utilized to join any of the tubes of a bicycle, including 
the top tube, the down tube, the head tube, the seat tube, 

20 the chain stays, and the seat stays. 

The compositions of the first and second tubes may 
comprise scandium in amounts commensurate with those noted 
above for the filler alloys in the above -noted method. 
Further, the first and second tubes may comprise zirconium 

25 in amounts set forth above with respect to the filler 
alloys. Moreover, the weight ratio of the scandium to the 
zirconium can also be in accordance with the ranges noted 
above for the filler alloys. 
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The joining of the bicycle tubes of the noted method 
preferably comprises the step of welding, such that the 
above- identified types of filler alloy compositions may be 
used. When welding is utilized, the method further 
5 includes the step of selecting a filler alloy comprising 
scandium. The filler alloy composition is as generally set 
forth above in the description of the filler alloys for the 
method for assembling a structure. 

Due to the improved properties associated with the 

10 utilization of scandium in a tubular structure, it is 
believed that the wall thicknesses of bicycle tubes 
produced according to the above -described method can be 
significantly reduced, at least in the welded portions. In 
this regard, the steps of forming first and second tubes 

15 preferably comprise forming a wall thickness in a welded 
portion that is 10 to 3 0 percent thinner than tubing used 
on conventional bicycles. For example, the wall thickness 
may be less than about 3 . 0 mm, preferably less than about 
2.0 mm, and more preferably less than about 1.5 mm. 

20 In addition to welding first and second parts of a 

structure together, methodologies are also disclosed for 
repairing a damaged or defective weld. Defective welds are 
typically caused by crack formation within the weld, 
especially in the heat - affected- zone . One technique for 

25 repairing the weld generally comprises grinding away at 
least a portion of the welded joint to form a ground 
portion and rewelding the ground portion utilizing a f i2 r 
alloy comprising scandium, such as those described above. 
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The grinding operation is typically performed utilizing an 
abrasive media, such as an abrasive disk, and typically 
grinds down to about 50% of the thickness of the structure 
being welded. The rewelding step may comprise any 
appropriate welding operation and preferably can be 
performed between five and ten times in the same area 
without the creation of additional cracks when utilizing 
one of the above -noted aluminum- scandium filler alloys, 
thereby maintaining the integrity of the welded joint and 
allowing multiple repairs to the same joint. 

Particular aluminum-based alloys which are 
particularly useful in the above -described methods, as well 
as product methodologies described below, are also 
disclosed herein. One such alloy is a modification of 
15 Aluminum Association alloy 2 618 which has a composition of 
(0.1-0.25) Si - (0.9-1.3) Fe - (1.9-2.7) Cu - (1.3-1.8) Mg 
- (0.9-1.2) Ni - 0.1 Zn - (0.04-0.1) Ti . The modified 
alloy adds scandium and zirconium to alloy 2 618 to obtain 
enhanced properties. This new alloy generally comprises 
20 about (0.1-0.25) Si - (0.5-1.7) Fe - (1.5-3.1) Cu - (1.0- 
2.1) Mg - (0.6-1.5) Ni - (0.04-0.1) Ti - (0.02-10.0) Sc - 
(0.1-1.0) Zr. In one embodiment, the scandium content more 
preferably ranges from about 0.1 to about 0.5, and even 
more preferably from about 0.2 to about 0.4, weight 
25 percent. Moreover, the zirconium content more preferably 
ranges from about 0.05 to about 0.22, weight percent. The 
weight ratio of the scandium to the zirconium preferably 
ranges from about 1000:1 to about 0.02:1, and more 
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preferably is about 3:1. In another embodiment, the alloy 
includes about 0.1-1.5 combined weight percent of one or 
more grain refiners (e.g., Ti, Zr, Cr, Mn, V, Yt, Nb, B, 
TiB 2 , and Hf ) . In its most -preferred embodiment, the alloy 
5 consists essentially of about 0.18 Si - 1.1 Fe - 2.3 Cu - 
1.6 Mg - 1.0 Ni - 0.40 Sc - (0.2-0.5) grain refiners, and 
the remainder consisting essentially of aluminum and 
incidental impurities . 

Another alloy suitable for use in 

10 products/methodologies disclosed herein is a modification 
of Aluminum Association alloy 6061 which has a composition 
of (0.4-0.8) Si - 0.7 Fe - (0.15-0.4) Cu - 0.15 Mn - (0.8- 
1.2) Mg - (0.04-0.35) Cr - 0.25 Zn - 0.15 Ti . The modified 
alloy essentially removes chromium from the 60 61 alloy and 

15 adds scandium in its place to obtain enhanced properties. 
This alloy generally comprises about (0.2-1.8) Si - (0.2- 
0.8) Mn - (0.4-1.4) Mg - (0.02-10.0) Sc, and is 
substantially free of chromium. In one embodiment, the 
scandium content more preferably ranges from about 0.1 to 

20 about 0.5, and even more preferably from about 0.2 to about 
0.4, weight percent; In another embodiment, the alloy 
further comprises zirconium, preferably in the range of 
about 0*01 to about 1,0, and more preferably about 0.05 to 
about 0.22, weight percent. The weight ratio of the 

25 scandium to the zirconium preferably ranges from about 
1000:1 to about 0.02:1, and more preferably is about 3:1. 
In another embodiment, the alloy includes about 0.1-1.5 
combined weight percent of one or more grain refiners, not 
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including chromium. In its most -preferred embodiment, the 
alloy consists essentially of about 0.6 Si - 1 . 0 Mg - 0.4 
Sc - (0.2-0.5) grain refiners, and the remainder consisting 
essentially of aluminum and incidental impurities. Copper 
5 may also be provided in an amount of about 0.1 to 0.4 
weight percent, preferably about 0.3 weight percent. 

Another alloy suitable for use in 
products/methodologies disclosed herein is a modification 
of Aluminum Association alloy 7075 which has a composition 
10 of 0.4 Si - 0.5 Fe (Si + Fe are impurities) - (1.2-2.0) Cu 

- 0.3 Mn - (2.1-2.9) Mg - (0.18-0.28) Cr - (5.1-6.1) Zn - 
0.2 Ti. The modified alloy essentially removes chromium 
from the 7075 alloy and adds scandium in its place to 
obtain enhanced properties. This new alloy generally 

15 comprises about (4.0-9.0) Zn - (0.6-3.8) Mg - (0.1-3.0) Cu 

- (0.02-10.0) Sc - (0.01-1.0) Zr, and is substantially free 
of chromium. In one embodiment, the scandium content more 
preferably ranges from about 0.1 to about 0.5, and even 
more preferably from about 0.2 to about 0.4, weight 

2 0 percent. In another embodiment, the alloy further 

comprises zirconium, preferably in the range of about 0.01 
to about 1.0 and more preferably about 0.05 to about 0.22, 
weight percent. The weight ratio of the scandium to the 
zirconium preferably ranges from about 1000:1 to about 

25 0 . 02 : 1 , and more preferably is about 3:1. In another 
embodiment, the alloy includes about 0.1-1.5 combined 
weight percent of one or more grain refiners, not including 
chromium. In its most -preferred embodiment, the alloy 
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consists essentially of about 5.6 Zn - 2.5 Mg - 1.6 Cu - 
0.40 Sc - (0.2-0.5) grain refiners, and the remainder 
consisting essentially of aluminum and incidental 
impurities. 

5 Another alloy suitable for use in 

products /methodologies disclosed herein is a modification 
of Aluminum Association alloy 2195 which has a composition 
of 4.0 Cu - 0.4 Mg - 1.0 Li - 0.4 Ag - 0.14 Zr. The 
modified alloy takes advantage of the presence of zirconium 

10 in the 2195 alloy and adds scandium to obtain enhanced 
properties. This new alloy generally comprises about (3.5- 
5.5) Cu - (0.01-1.5) Mg - (0.4-2.0) Li - (0.01-0.8) Ag - 
(0.02-0.5) Sc - (0.01-1.0) Zr, and is substantially free of 
zinc. In one embodiment, the scandium content more 

15 preferably ranges from about 0.1 to about 0.5, and even 
more preferably from about 0.2 to about 0.4, weight 
percent. Moreover, the zirconium content more preferably 
ranges from about 0.05 to about 0.22, weight percent. The 
weight ratio of the scandium to the zirconium preferably 

20 ranges from about 1000:1 to about 0.02:1, and more 
preferably is about 3:1. In one embodiment, the alloy 
includes about 0.1 - 1.5 combined weight percent of one or 
more grain refiners. In its most -preferred embodiment, the 
alloy consists essentially of about 4.0 Cu - 0.4 Mg - 1.0 

25 Li - 0.4 Ag - 0.4 Sc - (0.2-0.5) grain refiners, and the 
remainder consisting essentially of aluminum and incidental 
impurities. 
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Another alloy suitable for use in 
products/methodologies disclosed herein is a modification 
of Aluminum Association alloy 2020 which has a composition 
of 4.5 Cu - 1.1 Li - 0.5 Mn - 0.2 Cd. The modified alloy 
5 of the present invention essentially removes cadmium from 
the 2 02 0 alloy and adds scandium in its place to obtain 
enhanced properties. This new alloy generally comprises 
about (3.0-6.0) Cu - (0.4-1.8) Li - (0.1-0.7) Mn - (0.02- 
10.0) Sc - (0.01-1.0) Zr. In one embodiment, the scandium 

10 content more preferably ranges from about 0.1 to about 0.5, 
and even more preferably from about 0.2 to about 0.4, 
weight percent. In another embodiment, the alloy further 
comprises zirconium, preferably in the range of about 0.01 
to about 1.0, and more preferably about 0.05 to about 0.22, 

15 weight percent. The weight ratio of the scandium to the 
zirconium preferably ranges from about 1000:1 to about 
0.02:1, and more preferably is about 3:1. in one 
embodiment, the alloy includes about 0.1-1.5 combined 
weight percent of one or more grain refiners. In its most- 

20 preferred embodiment, the alloy consists essentially of 
about 4.0 Cu - 1.0 Li - 0.4 Sc - (0.2-0.5) grain refiners, 
and the remainder consisting essentially of aluminum. 

Another alloy which is particularly useful as a filler 
alloy is a modification of Aluminum Association alloy 2319 

25 which has a composition of 0.2 Si - 0.3 Fe - (5.8-6.8) Cu 
- (0.2-0.4) Mn -0.02 Mg - 0.1 Zn - (0.05-0.15) V - (0.1- 
0.25) Zr - (0.1-0.2) Ti . The modified alloy essentially 
adds scandium to the 2319 alloy to obtain enhanced 
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properties. This new alloy generally comprises about (2.0- 
10.0) Cu - (0.02-10.0) Sc. In one embodiment, the scandium 
content more preferably ranges from about 0.1 to about 0.5, 
and. even more preferably from about 0.2 to about 0.4, 
5 weight percent. In another embodiment, this new alloy 
further comprises zirconium, preferably in the range of 
from about 0.01 to about 1.0, and more preferably from 
about 0.05 to about 0.22, weight percent. In yet another 
embodiment, the new alloy includes about 0.1-1.5 combined 
10 weight percent of one or more grain refiners. In its most 
preferred embodiment, the alloy consists essentially of 
about 6.0 Cu - 0.5 Sc - (0.2-0.8) grain refiners, and the 
remainder consisting essentially of aluminum and incidental 
impurities . 

15 Another alloy is also particularly useful as a filler 

alloy and is a modification of Aluminum Association alloy 
5356 which has a composition of 0.25 Si - 0.4 Fe - 0.1 Cu 
- (0.05-0.2) Mn - (4.5-5.5) Mg - (0.05-0.2) Cr - 0.1 Zn - 
(0.06-0.2) Ti. The modified alloy essentially adds 

20 scandium to the 5356 alloy while removing Cr to obtain 
enhanced properties. This new alloy generally comprises 
about (2.7-6.0) Mg - (0.02-10.0) Sc. In one embodiment, 
the scandium content more preferably ranges from about 0.1 
to about 0.5, and even more preferably from about 0.2 to 

25 about 0.4, weight percent. In another embodiment, the 
alloy further comprises zirconium, preferably in the range 
of from about 0.01 to about 1.0, and more preferably from 
about 0.05 to about 0.22, weight percent . In another 
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embodiment, the alloy further comprises titanium, 
preferably in the range of from about 0.01 to about 0.2, 
and more preferably about 0.15, weight percent. In another 
embodiment, the alloy comprises manganese, preferably in 
5 the range of from about 0.01 to about 0.7, weight percent. 
In yet another embodiment, the new alloy includes about 
0.1-1.5 combined weight percent of one or more grain 
refiners. In its most -preferred embodiment, the alloy 
consists essentially of about 5.0 Mg - 0.5 Sc - (0.2-0.8) 
0 grain refiners, and the remainder consisting essentially of 
aluminum and incidental impurities. 

Another alloy is directed to a novel alloy which is 
particularly useful as a filler alloy and is a modification 
of Aluminum Association alloy 4043 which has a composition 
5 of (4.5-6.0) Si - 0.8 Fe - 0.3 Cu - 0.05 Mn - 0.05 Mg - 0.1 
Zn - 0.2 Ti. The new alloy essentially adds scandium to 
the 4043 alloy to obtain enhanced properties. The new 
alloy generally comprises about (3.0-15.0) Si - (0.02-10.0) 
Sc. In one embodiment, the scandium content ranges from 
3 about 0.1 to about 0.5, and preferably from about 0.2 to 
about 0.4, weight percent. In another embodiment, the 
alloy further comprises titanium, preferably in the range 
of from about 0.01 to about 2.0, weight percent. In yet 
another embodiment, the new alloy includes about 0.1-1.5 
5 combined weight percent of one or more grain refiners. In 
addition, the alloy may comprise 0.01-0.8 weight percent 
beryllium. In its most -preferred embodiment, the alloy 
consists essentially of about 5.3 Mg - 0.5 Sc - (0.2-0.8) 
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grain refiners, and the remainder consisting essentially of 
aluminum and incidental impurities. 

EXAMPLE 1 

5 Six specimens (representing two different alloys) were 

tested for weldability utilizing the "Patch Test. " In the 
Patch Test, a circular weld is produced on the surface of 
the alloy without utilizing filler material. After 
cooling, the alloy is inspected for cracks. The length of 

10 all of the cracks are added together to obtain the "Total 
Crack Length! 1 ( " TCL " ) of the alloy. The TCLs of different 
alloys can be compared and are typically indicative of the 
relative weldability of the alloys. 

In the present example, the six specimens included 

15 three specimens of 6061 alloy and three specimens of a 
modification of the 6061 alloy ( ,r M6061 lf ) . The compositions 
of the alloys are set forth in Table l. 

TABLE 1 

20 



Alloy 


Al 


Si 


Fe 


Cu 


Mn 


Mg 


Cr 


Sc 


Zr 


6061 


* 


0.618 


0.469 


0.272 


0.276 


0.979 


0.208 






M6061 


* 


0.650 


0.559 


0.270 


0.272 


1.023 


0.009 


0.40 


0.12 



25 *balance 

In the present Patch Test, the weld electrode ran a 
current of 80 amps and a voltage of 12 volts. The travel 
30 speed of the electrode was 10 inches/minute and the 
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diameter of the weld was 2.0 inches. The specimens were 
each 0,156 inches thick. 

The data generated from the foregoing Patch Test is 
illustrated in Table 2. As can be seen from Table 2, the 
5 TCLs of the 6061 specimens ranged from 31.8 mm to 43.4 mm. 
In stark contrast, the TCLs of the M6061 specimens were 
zero for all specimens. These results indicate that the 
replacement of chromium with scandium and zirconium 
dramatically improves weldability. This is an extremely 
10 surprising result, especially given the fact that alloy 
6061 is historically extremely hot crack sensitive compared 
to other aluminum alloys. 

TABLE 2 



ALLOY 


TOTAL CRACK LENGTH (MM) 


6061-1 


31.8 


6061-2 


36.6 


6061-3 


43.4 


M6061-1 


0.0 


M6061-2 


00 


M6Q61-3 


Q-0— - 



EXAMPLE 2 

Eight filler alloy specimens were tested for weld 
25 properties and compared to published data for 2319 filler 
alloy. The filler alloys were used to weld a 2014 base 
alloy metal, and the resulting welds were tested for 
Ultimate Tensile Strength ("UTS"), Yield Strength ("YS") 
and Elongation, 
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The specimens included modifications of the 2319 
filler alloy in accordance with the above. The 
compositions of each alloy and the test results are set 
forth in Table 3. 
5 TABLE 3 



Filler Allov Carrmosition 
(weight percent) 


Ultimate Tensile 
Strength, ksi 


Yield 

Strength, ksi 


%Elonnation 

/ULIUllMOUUII 

(in 1.5 
inches) 


AI-6.3 Cu-0.30 Mn-0.15 Ti-0.17 Zr-0.10 
V (2319) (published) 


35.0 


28.0 


5.0 


(1) AI-5.0 Cu-0.37 Sc' 


49.6 (42) 


34.5 (23) 


6.7 (34) 


(2) AI-2.60 Cu-0.16 Sc-0.19 Zr' 


48.6 (39) 


34.2 (22) 


5.7 (14) 


(3) AI-5.20 Cu-0.36 Sc-0.20 Zr' 


49.1 (40) 


35.2 (26) 


5.4 (8) 


(4) AI-3.08 Cu-0.17 Sc-0.19 Zr 


46.5 (33) 


33.1 (18) 


4.7 (-6) 


(5) AI-5.20 Cu-0.17 Sc-0.10 Mn 


46.9 (34) 


35.1 (25) 


4.0 (-20) 


(6) AI-4.50 Cu-0.15 Sc-0.10 Ti 


46.7 (33) 


34.8 (24) 


4.0 (-20) 


(7) AI-5.10 Cu-0.15 Sc-0.03 Hf 


47.6 (36) 


34.8 (24) 


4.7 <-6f 


(8) AI-2.30 Cu-0.40 Sc-0.20 Zr 


45.8 (31) 


35.9 (28) 


5.0 (0) 



20 ' Failure occurred in the parent metal instead of the weldment 

Number in parenthesis indicates the % improvement over 2319 filler alloy 

The welding operation was performed by hand at a 
25 current of 90-120 amps, and a voltage of 12 volts. 

As can be seen from comparing the data from specimen 
1 to the published data for 2319 alloy, the removal of 
grain refiners (e.g., Mn, Ti, Zr and V) from 2319 and the 
substitution of scandium therefor resulted in a 42% 
30 increase in UTS, a 23% increase in YS, and a 34% increase 
in elongation. Data from specimens 2 and 3 indicate 
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similar trends for the addition of scandium and zirconium 
in place of the grain refiners. It should be noted that, 
during the UTS test, the failures of alloys 1, 2 and 3 
occurred in the parent metal instead of the weldment. 
5 Accordingly, the UTS for those welds are even higher than 
the values given in Table 3 . 

Specimens 4-7 showed improvements in UTS and YS, but 
showed a decrease in elongation compared to 2310 filler 
alloy. Specimen 8 showed increases in UTS and YS, but 
10 showed no change in elongation. 



EXAMPLE 3 

Eighteen aluminum alloy specimens, representing six 
different alloys (three specimens per alloy) , were tested 
15 for Ultimate Tensile Strength ("UTS"), Yield Strength 
("YS") and Elongation. 

In the present example, the six alloys included: 7075, 
6061, 2618, and modifications of each of these alloys in 
accordance with the above (M7075, M6061 and M2 618) . The 
2 0 weight percent compositions of the specimens tested are set 
forth in Table 4. The averages of the UTS, YS and 
Elongation for the three specimens of each alloy are set 
forth in Table 5 . 
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1.129 
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Alloy 


I 7075 


I M7075 


I 6061 
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5 



10 



15 





UTS 


YS 


^EIong. 


7075 


84.4 


74.3 


10.7 


M7075 


82.5 


73.4 


12.0 


- aged @ 120°C for 18h 


2618 


50.2 


57.4 


13.0 


M2618 


53.4 


62.9 


9.0 


- aged ( 


5)200°C for 20h 


6061 


35.1 


30.7 


19.0 


M6061 


45.7 


40.2 


13.0 



- aged @160°C for 18h 



20 Referring to the data for alloys 7075 and M7075, it 

can be seen that the modification of alloy 7075 by removing 
chromium and adding scandium and zirconium resulted in a 
minor loss in a strength and approximately a 10% increase 
in elongation. It is believed that, upon optimization of 
25 heat treatment, the UTS and YS of the M7075 alloy will 
outperform the 7075 alloy. 

The M2618 alloy showed a slight increase in UTS and YS 
and a loss in elongation compared to the 2 618 alloy. 

The most dramatic gains in strength were observed for 
30 the M6061 alloy. As can be seen from the data, significant 
gains were made in UTS and YS for the M6061 alloy compared 
to the 6061 alloy. Upon optimization of heat treatment, it 
is believed that further gains can be made. 
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Scandium additions to aluminum alloy systems have also 
been identified as a means for enhanced strength 
characteristics. However, known aluminum/scandium alloys 
also contain a wide range of dispersoid forming elements 
5 such as Cr, Mn, V, and Zr. Replacement of these 
conventional grain refining elements with Sc or a Sc + Zr 
grain refinement system and then implementing the new 
alloys into structural designs is believed to be 
advantageous. In addition to the documented tensile and 

10 compressive strength improvements of a Sc or Sc + Zr based 
wrought aluminum alloy system, many other property and 
processing characteristics that would be of interest to 
product designers seeking higher levels of performance, 
include improved 1) warm temperature strength, 2) strength 

15 in corrosion resistant overaged tempers, 3) weld strength 
and weldability, 4) fatigue and fracture toughness 
properties, 5) cold forming limits, 6) superplastic forming 
capability, 7) warm working characteristics, 8) resistance 
to recrystallization and 9) hot formability. Each of these 

20 characteristics are discussed in detail below. 

Scandium containing intermetallic phases Al 3 Sc and 
Al 3 (Sc x Zr!_ x ) that form in an aluminum alloy can be exposed to 
elevated temperatures for long durations without hardness 
decreasing for up to 278 hours at a temperature of 350 °C 

25 (ref. Elagin, V.I* et al . , Soviet Author Certificate UDK 
669.715793). It is well known that most aluminum alloys 
will display a significant drop in strength after exposure 
to elevated temperatures greater than about 100°C which is 
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primarily due to coarsening of the . strengthening 
precipitates. Accordingly, new compositions are disclosed 
herein that superimpose the thermal stability of Sc 
containing dispersoid particles with major alloying 
5 elements that provide solid solution strengthening and 
precipitation hardening. This alloying strategy is 

particularly useful for alloys such as 2219, 2519 and 2618 
that are among the leading alloys for elevated temperature 
applications . 

10 The 7 XXX type alloys are usually overaged to improve 

stress corrosion and exfoliation corrosion resistance with 
a concomitant strength reduction. By removing elements 
that form incoherent particles such as Cr and Mn and 
substituting Sc and Zr, an elongated grain structure can be 

15 obtained after a hot working operation followed by solution 
heat treatment and quenching. Because an elongated grain 
structure is more resistant to intergranular stress 
corrosion cracking relative to a recrystallized or 
partially recrystallized microstructure, the modified 7 XXX 

20 type alloys can be aged to higher strength levels without 
sacrificing favorable corrosion characteristics. Another 
potential approach is to overage the new alloy to 
equivalent strength levels to that of a conventional 7 XXX 
alloy with improved corrosion performance. 

25 As disclosed in U.S. Patent Application Serial No. 

08/249,023, Sc containing aluminum welding filler alloys 
used to weld Sc containing base metals result in improved 
weld strength and hot cracking resistance. Surprisingly, 
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alloys that are traditionally considered to be non-weldable 
can be converted to weldable alloys using the principles of 
this teaching. This allows designers a whole new approach 
to designing welded structures since high strength alloys 
5 such as 7075 can now be considered. 

Since most aerospace structures are designed using 
damage tolerance principles, fatigue and fracture toughness 
properties are always considered in design scenarios. The 
development of fine substructure in aluminum alloys with Sc 

10 or Sc + Zr will have a positive effect on these properties. 

Another positive effect of an aluminum alloyed with Sc 
+ Zr in place of V, Mn, Cr and Zr or combinations of these 
elements is the small grain size that is attained in the 
final wrought product* Because a significant portion of 

15 wrought aluminum alloys undergo a cold forming operation to 
achieve a final shape, a fine grain size will be 
advantageous. Large grain aluminum alloys are susceptible 
to "orange peel" effects that can result in an unacceptable 
surface finish or creation of nucleation sites for cracks. 

2 0 Moreover, a fine grain size will tend to homogenize slip 
more effectively than an alloy with a large grain size 
since the slip band length across grains is reduced. 

Fabrication of complex shapes that require extensive 
forming strains can be accomplished by using the method of 

25 superplastic forming. As divulged in U.S. Pat. No. 
5,055,257, the thermal stability of the Al 3 Sc phase enabled 
an improvement in the superplastic strain rate that was one 
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to two orders of magnitude over that previously achieved 
for a 5 XXX alloy. 

During experimentation with the alloy systems 
disclosed in this invention, it was discovered that complex 
5 alloys such as 7075 or Al-Cu-Li alloys are more susceptible 
to cracking during large rolling reductions than alloys 
that are designed using the principle of replacing the 
existing grain refiners with Sc or Sc + Zr. The alloys 
that are designed using this principle thereby offer 

10 improved hot working characteristics that are applicable to 
rolling, forging and extrusion. This enhanced hot forming 
capability can be exploited by producing larger extrusions 
or forgings that would otherwise require press forces that 
exceed the capacity of the extrusion or forging press. 

!5 Aluminum alloys that are cold rolled to thin gages 

have sufficient stored energy to overcome the grain 
boundary pinning effect of dispersoid particles so that 
recrystallization occurs during subsequent solution heat 
treatment. It is typical to observe a significant strength 

20 loss when recrystallization occurs. In contrast, the Al 3 Sc 
or Al 3 Sc x Zr 1 . x particles exhibit high thermal stability. This 
thermal stability manifests itself by allowing the 
retention of a non-recrystallized structure. Strength loss 
is accordingly reduced or eliminated in the new alloy 

25 system. 

In hot forming operations such as age forming or spin 
forming of domes, alloys with Sc + Zr are more resistant to 
recrystallization and grain growth that often occurs after 
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warm working and then repeating the full heat treatment 
sequence. Consequently, the new alloy system will display 
improved forming characteristics and properties of the 
final product over that previously attained. 

5 The specific alloy design approach to improve the 

properties**' and processing characteristics of alloys 
involves removal of conventional grain refining elements 
such as Ti, Mn, Cr, TiB 2 and V, and replacing these elements 
with Sc or Sc + Zr in combination with at least one of the 

10 major aluminum alloying elements such as Zn, Cu, Mg, Li and 
Si. A broad range for Sc can be claimed from 0.02 to 10 
weight percent, with the amount of Sc additions being 
proportional to the solidification rate, for example the 
solubility of Sc can be increased by using techniques such 

15 as rapid solidification. The equilibrium solid solubility 
of Sc in aluminum, however, has been reported at about 0.50 
weight percent. For ingot metallurgy based wrought 
aluminum alloys a more practical range is 0.02 to 0.50 Sc. 
Most aluminum alloys with high solute levels will contain 

2 0 Sc additions of 0.05 to 0.30 weight percent, and most 
commonly, 0.20 weight percent. Alloying with Sc additions 
to this lower level will enable good mechanical properties 
and processing characteristics without the formation of 
coarse, Sc containing primary particles. 

25 An exception to the rule of adding Sc levels of about 

0.20 weight percent is the alloying of Sc into filler 
alloys that are superheated to temperatures well above the 
liquidus temperature of the filler alloy and then rapidly 
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cooled during welding. In this instance, up to 1.0 weight 
percent Sc can be introduced although most filler alloys 
will have about 0.50 weight percent Sc. Unlike the wrought 
alloys which do not necessarily need the conventional grain 
5 refining elements with Sc + Zr, the filler alloys may 
contain these elements to provide further grain refinement 
during welding. The addition of Ti is particularly useful 
in this regard. 

Zirconium can enhance the effect of Sc by forming a 

10 complex dispersoid phase that provides the beneficial 
property and processing characteristics previously 
discussed. Up to 2.0 weight percent Zr can be added using 
rapid solidification. Most alloys will contain 0.10 to 
0.2 0 Zr, and most typically, 0.12 weight percent Zr. 

15 Filler alloys can contain up to 1.0 weight percent Zr, with 
a more practical range of 0.10 to 0*40 weight percent, and 
typically, 0.20 weight percent. 

Other elements that behave similarly to Zr include Ti, 
Hf, Y, and lanthanide elements 57 through 71 on the 

2 0 periodic table such as Gd and Nd. We have observed that 
these elements are completely miscible in Sc according to 
binary phase diagrams . This factor seems to provide a 
positive effect on the Al 3 Sc phase in aluminum alloys. One 
approach we are pursuing is to determine if some of these 

25 elements allow for the reduction of Sc in the aluminum 
alloy to decrease the price of the final alloy. One or 
more of these elements can be added in the range of 0.05 to 
2.0 weight percent. It should be noted that one potential 
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avenue is to not include Zr in a given aluminum alloy and 
instead utilize one or more of the other aforementioned 
elements in combination with Sc. 

The new wrought aluminum alloy systems are produced 
5 using conventional processing methods which include 
homogenization of the as -cast billet, warm working that can 
be followed by cold working, solution heat treatment, 
quenching, cold work to reduce the residual stress of the 
quench or to stimulate nucleation of strengthening 
10 precipitates and a final step that includes ambient or 
elevated temperature aging for high strength. In addition 
to the above, combinations of two and three step aging or 
combinations of aging with an intermediate warm or cold 
working step followed by additional aging can be employed. 
15 By way of initial summary, adding scandium and/or 

zirconium to binary 2 XXX, ternary 2 XXX, elevated 
temperature 2 XXX, 4 XXX, 5 XXX, 6XXX, high strength 7 XXX, 
weldable 7 XXX, Al-Cu-Li-Mg and Al-Mg-Li aluminum- based 
alloys improves one or more properties of the alloy, 
20 including tensile strength, compressive strength, elevated 
temperature strength and creep resistance, stress corrosion 
resistance with equivalent strength, strength with 
equivalent stress corrosion resistance, weld strength, 
especially when using scandium containing filler alloy, 
25 fatigue strength, fracture toughness, weldability, 
especially when using scandium containing filler alloy, 
cold formability, superplastic forming characteristics, 
extrudability, retention of an unrecrystallized 
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microstructure after cold rolling and solution heat, and 
hot formability. 

More specifically, it has been discovered that (0.02- 
10) Sc and/or (0.01-1) Zr may be added to binary 2 XXX type 
5 alloys, ternary 2 XXX type alloys and elevated temperature 
2 XXX type alloys to achieve one or more of the recited 
improvements in properties and processing. In particular, 
it has been found that such modified 2 XXX type alloys, such 
as the above -described M2020 alloy, are especially suited 

10 for use in recreational products, such as bicycle 
components (handle bars, pedals, seat posts, handle bar 
stems, wheel rims, cranks, crank arms, handle bar 
extensions, brake mechanisms, spokes, bottle cages, racks, 
derailleurs, saddles, suspension forks) , motorbike and 

15 motorbike components, and/or snowmobiles. The M2 618 alloy 
is suitable for use in motorbike components and in 
snowmobiles. Due to the improved tensile strength, 
compressive strength, elevated temperature strength and 
creep resistance, fatigue strength, retention of an 

20 unrecrystallized microstructure after cold rolling and 
solution heat and hot formability of such modified 2 XXX 
type alloys, using such modified 2 XXX in components for 
recreational products allows for reduced thickness of the 
various above-noted bicycle components, which reduces the 

25 weight of the bicycle. Such weight reductions can increase 
the rider's speed. With regard to motorbikes and/or 
snowmobiles, using modified 2 XXX alloys can reduce the 
gages of tanks, components and other portions of the frame, 
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which results in a lighter weight motorbike and/or 
snowmobile . 

Similarly, it has been found that 2 XXX type alloys 
modified in accordance with the above may be used in a 
5 variety of aerospace structures. In particular, due to the 
improved tensile strength, compressive strength, elevated 
temperature strength and creep resistance, stress corrosion 
resistance with equivalent strength, strength with 
equivalent stress corrosion resistance, weld strength, 

10 especially when using scandium containing filler alloy, 
fatigue strength, fracture toughness, weldability, 
especially when using scandium containing filler alloy, 
cold formability, superplastic forming characteristics, 
extrudability, retention of an unrecrystallized 

15 microstructure after cold rolling and solution heat, and 
hot formability of such modified 2 XXX type alloys, reduced 
gages of sheets of such modified 2 XXX type alloys may be 
used for the lower wing skins, fuselage frames, fuselage 
skins, leading edges, propellers, engine structure and 

20 inlet ducts, supersonic transport skins , avionic equipment 
mountings and cases, and/or integrally stiffened extruded 
barrel panels on aircraft to reduce the weight of the 
aircraft while maintaining the load carrying capability of 
the component. Launch vehicle structures, such as 

25 propellant tanks, including domes, skirt structures, inner 
tank structures, and isogrid structures, and integrally 
stiffened extruded barrel panels, containing such modified 
2 XXX may reduce the gages of sheets, extrusions and/or 



WO 95/32074 



PCT/US95/06684 



-44- 

plates, which can result in significant weight reductions 
while maintaining the load carrying capability of the 
specific structures . 

2 XXX type alloys modified in accordance with the 
5 above, such as M2618, M2020, and M2319, may also be used in 
ground transportation structures such as components for 
automobiles, trucks, trailers, trains, construction 
equipment and/or people movers, such as shuttle buses and 
monorails. Due to the improved tensile strength, 

10 compressive strength, elevated temperature strength and 
creep resistance, weld strength (especially when using a Sc 
containing filler alloy) , fatigue strength, weldability 
(especially when using a Sc containing filler alloy) , cold 
formability, superplastic forming characteristics, 

15 extrudability, retention of an unrecrystallized 
microstructure after cold rolling and solution heat and hot 
formability, components comprising such modified 2 XXX may 
include bumpers, sheet products (body panels, hoods, doors, 
inner panels), seat frames, connecting rods, armor plates, 

20 suspension parts and mounting brackets and details. Such 
modified 2 XXX type alloys may be used in order to reduce 
the gages and/or thickness and/or cross -sectional area of 
extrusion walls, stiffeners, sheets and/or components while 
maintaining performance in crash scenarios, for a number of 

25 cycles, and, for armor plates, performance in ballistic 
testing . 

Addition of (0.02-10) Sc and/or (0.01-1) Zr to 6 XXX 
type alloys may achieve one or more of the recited 
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improvements in properties and processing. In particular, 
such modified 6 XXX type alloys, such as the above -described 
M6061 alloy, are especially useful in certain recreational 
and athletic structures and products and in ground 
5 transportation structures. More specifically, due to 
improved tensile strength, compressive strength, fatigue 
strength and hot formability, such modified 6 XXX type 
alloys are especially suited for use in recreational 
products, such as bicycle components (handle bars, pedals, 

10 seat posts, handle bar stems, wheel rims, cranks, crank 
arms, handle bar extensions, brake mechanisms, spokes, 
bottle cages, racks, derailleurs, saddles, suspension 
forks) and racquets (e.g., tennis, squash, badminton, 
racquetball, etc) . In particular, using such modified 6 XXX 

15 alloys in components for recreational products allows for 
reduced thickness of the various above -noted bicycle 
components, which reduces the weight of the bicycle, 
thereby potentially increasing the speed of the bicycle. 
In addition, thinner walled racquets may be fabricated with 

20 such modified 6 XXX alloys, resulting in a lighter weight 
racquet, which can increase the velocity of a person's 
swing and therefore the ball. 

Certain components for ground transportation 
structures in which such modified 6XXX type alloys may be 

25 used have also been identified. More specifically, due to 
improved tensile strength, compressive strength, stress 
corrosion resistance with equivalent strength, strength 
with equivalent stress corrosion resistance, weld strength 
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(especially when using a Sc containing filler alloy) , 
fatigue strength, weldability, especially when using a Sc 
containing filler alloy, cold formability, extrudability , 
retention of an unrecrystallized microstructure after cold 
5 rolling and solution heat treatment, and hot formability, 
automotive space frames, sheet products (body panels, 
hoods, doors, inner panels) , seat frames and mounting 
brackets and details composed of such modified 6 XXX type 
alloys, such as the above -described M6061 alloy, allow for 

10 reduced gages and/or thickness of the extrusion structures 
and components while maintaining performance in crash 
scenarios and load carrying capability and may also provide 
for reduced cross- sectional areas of brackets. 

The addition of (0.02-10) Sc and/or (0.01-1) Zr to 

15 7 XXX type alloys has also been found to be particularly 
useful in certain recreational and athletic equipment, 
aerospace structures, ground transportation structures and 
marine structures. More specifically, due to the improved 
tensile strength, compressive strength, elevated 

20 temperature strength and creep resistance, stress corrosion 
resistance with equivalent strength, strength with 
equivalent stress corrosion resistance, weld strength, 
especially when using scandium containing filler alloy, 
fatigue strength, weldability, especially when using 

25 scandium containing filler alloy, cold formability, 
extrudability and retention of an unrecrystallized 
microstructure after cold rolling and solution heat, such 
modified high strength or weldable 7 XXX type alloys, such 
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as the above -described M7075 alloy, are especially suited 
for use in recreational products, such as baseball or 
Softball bats, archery arrows, ski poles, hockey sticks, 
bicycle frames and components (handle bars, pedals, seat 
5 posts, handle bar stems, wheel rims, cranks, crank arms, 
handle bar— extensions , brake mechanisms, spokes, bottle 
cages, racks, derailleurs, saddles, suspension forks) , golf 
shafts, golf club heads, racquets (e.g., tennis, squash, 
badminton, racquetball, etc) , athletic wheel chairs, tent 

10 poles, snow shoes, backpack frames, wind surfing frames, 
lacrosse sticks, sailboat masts and booms and/or javelins. 
In particular, using such modified 7 XXX alloys* in 
components for recreational products allows for reduced 
wall thicknesses and cross-sections, thinner- walled tubes, 

15 and/or reduced gages of sheet, extrusions and/or plates of 
the various above-noted products and components thereof, 
which reduces the weight of such recreational and athletic 
products while maintaining or improving performance 
characteristics, such as velocity, accuracy, stiffness, 

20 balance, durability, strength, stored energy, resistance to 
buckling, fatigue, corrosion and/or bending and/or 
decreasing the occurrence of weld joint failures. For 
example, it has been recognized that fabricating sail masts 
from such high strength modified 7 XXX type alloys may 

25 improve the balance of the sailboat and improve racing 
speed while maintaining corrosive resistance in the marine 
environment. In addition, thinner walled racquets may be 
fabricated with such modified 7 XXX alloys, resulting in a 
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lighter weight racquet, which can increase the velocity of 
a person's swing. Similarly, thinner walled tubes may be 
fabricated from such modified 7 XXX alloys for use in 
wheelchairs and bicycles while reducing weight of the 
5 structure and achieving sufficient durability in the tubes 
and joints. 

According to the present invention, it has also been 
found that modified 7 XXX type alloys, such as the above- 
described M7075 alloy, may be used in certain components 

10 for aerospace structures due to the improved tensile 
strength, compressive strength, elevated temperature 
strength and creep resistance, stress corrosion resistance 
with equivalent strength, strength with equivalent stress 
corrosion resistance, weld strength, especially when using 

15 scandium containing filler alloy, fatigue strength, 
fracture toughness, weldability, especially when using 
scandium containing filler alloy, cold formability, 
superplastic forming characteristics, extrudability , 
retention of an unrecrystallized microstructure after cold 

2 0 rolling and solution heat, and/or hot formability. 
Specifically, such modified 7 XXX type alloys are 
particularly useful in aircraft components and structures, 
such as upper and lower wing skins, seat tracks, fuselage 
skins and frames, stringers, floor beams, cargo tracks, 

2 5 propellers, avionic equipment mountings and cases, and/or 
leading edges, and in launch vehicle components, such as 
propellant tanks, including domes, skirt structures, inner 
tank structures and/or isogrid structures. In addition, 
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such modified 7 XXX type alloys according to the present 
invention may be used to fabricate integrally stiffened 
extruded barrel panels for both aircraft and launch 
vehicles. Advantages to using such modified 7 XXX include 
5 reducing the gages of sheets, extrusions and/or plates to 
save weight while maintaining load carrying capability, 
using thinner extrusion walls to reduce the weight of the 
seat tracks, changing the geometry of the stringer to take 
advantage of the improved properties, decrease the cross - 

10 sectional area to reduce weight of the structure and/or 
reducing the wall thickness to save weight while 
maintaining load carrying capability. 

Similarly, it has been found that such modified 7XXX 
type alloys may be used in certain components for ground 

15 transportation structures due to improved tensile strength, 
compressive strength, elevated temperature strength- and 
creep resistance, stress corrosion resistance with 
equivalent strength, strength with equivalent stress 
corrosion resistance, weld strength, especially when using 

20 scandium containing filler alloy, fatigue strength, 
fracture toughness, weldability, especially when using 
scandium containing filler alloy, cold formability, 
superplastic forming characteristics, extrudability , 
retention of an unrecrystallized microstructure after cold 

25 rolling and solution heat, and hot formability. More 
specifically, automotive space frames, bumpers, sheet 
products (body panels, hoods, doors, inner panels) , seat 
frames, connecting rods, armor plates, liquid and cryogenic 
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liquid transportation tanks, people movers (shuttle buses, 
monorails, etc.), suspension parts and mounting brackets 
and details composed of such modified 7 XXX type alloys, 
such as the above -described M7075 alloy, allow for reduced 
5 gages and/or thicknesses of the sheets, walls and/or 
extrusion structures and components, and/or reduced cross - 
sectional area of suspension parts and brackets while 
maintaining performance in crash scenarios and/or load 
carrying capabilities, maintaining performance for a number 
10 of cycles, and/or maintaining safety from catastrophic 
failure . 

Certain marine structures may also be fabricated from 
such modified 7 XXX type alloys due to the improved tensile 
strength, compressive strength, stress corrosion resistance 

15 with equivalent strength, strength with equivalent stress 
corrosion resistance, weld strength, especially when using 
scandium containing filler alloy, fatigue strength, 
fracture toughness, weldability, especially when using 
scandium containing filler alloy, cold formability, 

20 superplastic forming characteristics and/or hot 
formability. In particular, such modified 7 XXX type 
alloys, such as the above -described M7075 alloy, may be 
used in torpedo casings, sea launched missiles and naval 
fighter aircraft to reduce the thickness of walls while 

2 5 maintaining performance. 

It has also been found that addition of (0.02-10) Sc 
and/or (0.01-1) Zr to 5 XXX type alloys achieves one or more 
of the recited improvements in properties and processing 
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and such modified 5 XXX type alloys are especially suited 
for use in recreational products, aerospace structures, 
ground transportation structures and marine structures. In 
particular, it has been discovered that such modified 5 XXX 
5 type alloys, such as the above -described M5356 alloy, are 
especially useful in bicycle components (e.g., handle bars, 
pedals, seat posts, handle bar stems, wheel rims, cranks, 
crank arms, handle bar extensions, brake mechanisms, 
spokes, bottle cages, racks, derailleurs, saddles, 
10 suspension forks), racquets (e.g., tennis, squash, 
badminton, racquetball, etc.), tent poles, snow shoes, 
backpack frames, wind surfing frames, sailboat masts~and 
booms, motorbikes and components therefor, and snowmobiles. 
This is primarily due to improved tensile strength, 
15 compressive strength, elevated temperature strength and 
creep resistance, stress corrosion resistance -with 
equivalent strength, strength with equivalent stress 
corrosion resistance, fatigue strength, weldability, 
especially when using scandium containing filler alloy, 
20 cold formability, extrudability , retention of an 
unrecrystallized microstructure after cold rolling and 
solution heat, and/or hot formability. In this regard, 
bicycles components of reduced thickness may be fabricated 
from such modified 5 XXX type alloys to reduce bicycle 
25 weight and increase the rider's speed. Similarly, thinner 
or reduced gages for walls and/or tubes may be fabricated 
from such modified 5 XXX type alloys while improving 
performance characteristics of the product, such as weight, 
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velocity, durability, strength, balance and/or resistance 
to buckling and/or corrosion. 

It has also been discovered that such modified 5 XXX 
type alloys, such as the above -described M5356 alloy, are 
5 particularly suited to use in certain aerospace structures, 
namely, lower wing skins and integrally stiffened extruded 
barrel panels for both aircraft and launch vehicles, and in 
other launch vehicle components (e.g., skirt structures, 
isogrid structures) . This may be attributed to improved 

10 tensile strength, compressive strength, stress corrosion 
resistance with equivalent strength, strength with 
equivalent stress corrosion resistance, weld strength 
(especially when using a Sc containing filler alloy) , 
fatigue strength, weldability, especially when using 

15 scandium containing filler alloy, cold formability, 
superplastic forming characteristics, extrudability , 
retention of an unrecrystallized microstructure after cold 
rolling and solution heat and/or hot formability. Wall 
thickness of and/or gages of sheet, extrusions and/or 

20 plates may be reduced where such modified 5 XXX type alloys 
are used. As a result, the weight of the structure is 
reduced while maintaining load carrying capability. 

Certain ground transportation structures have been 
identified in which such modified 5 XXX type alloys, such as 

25 the above -described M5356 alloy, may be used. 
Specifically, such modified 5 XXX type alloys may be used in 
automotive space frames, bumpers, sheet products (e.g., 
body panels, hoods, doors, inner panels) , seat frames, 
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liquid and cryogenic liquid transportation tanks , people 
movers {shuttle buses, monorails, etc.), suspension parts 
and/or mounting brackets and details due to the improved 
tensile strength, compressive strength, stress corrosion 
5 resistance with equivalent strength, strength with 
equivalent / stress corrosion resistance, weld strength 
(especially when using a Sc containing filler alloy) , 
fatigue strength, weldability (especially when using 
scandium containing filler alloy) , cold formability, 

10 superplastic forming characteristics, extrudability , 
retention of an unrecrystallized microstructure after cold 
rolling and solution heat and/or hot formability of such 
modified 5XXX type alloys. In particular, for such ground 
transportation structures fabricated from such modified 

15 5 XXX type alloys, gages of the extrusion walls, thicknesses 
of the sheets, frames and components and/or cross -sectional 
areas of components may be reduced while maintaining 
performance in crashing scenarios and while maintaining 
load carrying capability. 

20 Certain marine structures composed of such modified 

5 XXX type alloys were also identified. Specifically, such 
modified 5 XXX type alloys, such as the above -described 
M53 56 alloy, have been found to be especially useful in 
canoes and kayaks, torpedo casings, scuba diving tanks, sea 

25 launched missiles, naval fighter aircraft, ferries, yachts 
and recreational boats as such modified 5 XXX type alloys 
exhibit improved tensile strength, compressive strength, 
stress corrosion resistance with equivalent strength. 
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strength with equivalent stress corrosion resistance, weld 
strength, especially when using scandium containing filler 
alloy, fatigue strength, fracture toughness, weldability, 
especially when using scandium containing filler alloy, 
5 cold formability, superplastic forming characteristics, 
retention of an unrecrystallized microstructure after cold 
rolling and solution heat, and/or hot formability. By 
utilizing such modified 5 XXX type alloys in these marine 
structures, wall thickness of such structures and 

10 components may be reduced while maintaining performance. 
In addition, with regard to ferries, yachts and 
recreational boats, plate and sheet gages may be reduced 
and components in the structure and engine may be decreased 
in size while maintaining performance characteristics, 

15 It has also been found that addition of (0.02-10) Sc 

and/or (0.01-1) Zr to 4 XXX type alloys achieves one or more 
of the recited improvements in properties and processing 
and such modified 4 XXX type alloys are especially suited 
for use in athletic and recreational products, ground 

20 transportation structures and marine structures. In 
particular, it has been discovered that such modified 4 XXX 
type alloys, such as the above -described M4043 alloy, are 
especially useful in motorbike components and snowmobiles 
due to improved tensile strength, compressive strength, 

25 elevated temperature strength and creep resistance, fatigue 
strength, weldability (especially when using a Sc 
containing filler alloy) . These enhanced properties may be 
exploited by reducing gages of motorcycle components. 
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In addition, certain ground transportation structures 
have been identified in which modified 4 XXX type alloys are 
well suited due to its improved tensile strength, 
compressive strength, elevated temperature strength and 
5 creep resistance, fatigue strength, weldability, especially 
when using -scandium containing filler alloy, extrudability 
and/or hot f ormability . Specifically, structures of such 
modified 4 XXX type alloys, such as the above -described 
M4043 alloy, are particularly useful in people movers 

10 (e.g., shuttle buses, monorails, etc.), transmission 
housings, pistons and cylinder heads. By using such 
modified 4 XXX type alloys, one or more of the above- listed 
improved properties and processing may be exploited" by 
reducing the gages of components and major portions of the 

15 vehicle body or by reducing the wall thickness * of 
transmission housings. Similarly, the size of the cylinder 
heads and the pistons may also be reduced due to the 
improved properties and processing. 

It has also been found that addition of (0.02-10) Sc 

20 and/or (0.01-1) Zr to Al- (2.0-7.0) Cu - (0.20-2.5) Li - 
(0.05-0.30) Mg alloys achieves one or more of the recited 
improvements in properties and processing and such modified 
Al-Cu-Li-Mg alloys are especially suited for use in 
recreational products, aerospace structures, ground 

25 transportation structures and marine structures. In 
particular, we discovered that due to improved tensile 
strength, compressive strength, stress corrosion resistance 
with equivalent strength, strength with equivalent stress 
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corrosion resistance, weld strength, especially when using 
scandium containing filler alloy, fatigue strength, 
weldability, especially when using scandium containing 
filler alloy, cold formability, extrudability , retention of 
5 an unrecrystallized microstructure after cold rolling and 
solution heat, and/or hot formability, modified Al-Cu-Li-Mg 
alloys, such as the above-described M2195 alloy, are 
especially useful in recreational structures such as 
archery arrows, hockey sticks, bicycle frames, bicycle 

10 components (e.g., handle bars, pedals, seat posts, handle 
bar stems, wheel rims, cranks, crank arms, handle bar 
extensions, brake mechanisms, spokes, bottle cages, racks, 
derailleurs, saddles, suspension forks) , golf shafts, golf 
club heads, racquets (e.g., tennis, squash, badminton, 

15 racquetball) , athletic wheel chairs, tent poles, snow 
shoes, backpack frames, lacrosse sticks and javelins. In 
this regard, thin gages may be used to obtain high strength 
products, such as archery arrows, and wall thicknesses may 
be reduced while reducing weight of the component or 

2 0 product and while increasing stiffness, durability in the 
tubes and joints, resistance to buckling, and/or bending 
resistance. 

It has also been discovered that modified Al-Cu-Li-Mg 
alloys, such as M2195, are also useful in aerospace 
25 structures due to the improved tensile strength, 
compressive strength, elevated temperature strength and 
creep resistance, stress corrosion resistance with 
equivalent strength, strength with equivalent stress 
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corrosion resistance, weld strength, especially when using 
scandium containing filler alloy, fatigue strength, 
fracture toughness, weldability, especially when using 
scandium containing filler alloy, cold formability, 
5 superplastic forming characteristics, extrudability , 
retention of an unrecrystallized microstructure after cold 
rolling and solution heat and/or hot formability. In 
particular, such modified Al-Cu-Li-Mg alloys have been 
found to be useful in aircraft components such as upper 

10 wing skins, seat tracks, fuselage frames and skins, 
stringers, floor beams, cargo tracks, leading edges, 
propellers, engine structures and inlet ducts, supersonic 
transport skins, avionic equipment mountings and cases and 
integrally stiffened extruded barrel panels, and in launch 

15 vehicle components, such as propellant tanks, including 
domes, skirt structures, inner tank structures, isogrid 
structures and integrally stiffened extruded barrel panels. 
Due to the enhanced properties and processing of such 
modified Al-Cu-Li-Mg alloys, weight of the structures may 

20 be reduced by reducing gages of sheets, cross -sectional 
areas, plates and extrusions and thicknesses of walls while 
maintaining load carrying capability. 

It has also been discovered that modified Al-Cu-Li-Mg 
alloys, such as M2195, are particularly useful in ground 

25 transportation structures due to the improved tensile 
strength, compressive strength, elevated temperature 
strength and creep resistance, stress weld strength, 
especially when using scandium containing filler alloy, 
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fatigue .strength, fracture toughness, weldability, 
especially when using scandium containing filler alloy, 
extrudability and/or hot f ormability . Specifically, such 
modified Al-Cu-Li-Mg alloys have been identified as 

5 especially useful in connecting rods and armor plating as 
the thickness of the structure may be reduced while 
maintaining performance characteristics for a number of 
cycles and in ballistic testing, respectively. 

It has also been recognized that such modified Al-Cu- 

0 Li-Mg alloys are also suited for use in certain marine 
structures due to the improved tensile strength, 
compressive strength, stress corrosion resistance with 
equivalent strength, strength with equivalent stress 
corrosion resistance, weld strength, especially when using 

5 scandium containing filler alloy, fatigue strength, 
fracture toughness, weldability, especially when using 
scandium containing filler alloy, cold formability, 
superplastic forming characteristics and/or hot 
formability. Specifically, such modified Al-Cu-Li-Mg 

3 alloys may be used in naval fighter aircraft to reduce the 
thickness of structural components while maintaining 
performance . 

It has also been found that addition of (0.02-10) Sc 
and/or (0.01-1) Zr to Al- Li-Mg alloys achieves one or more 
5 of the recited improvements in properties and processing. 
Preferably, such modified Al- Li-Mg alloys are composed of 
(2.0-8.0) Mg - (0.20-2.5) Li - (0.05-0.60) Sc - (0.05-0.30) 
Zr with the remainder including aluminum. Such modified 
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Al-Li-Mg alloys are especially suited for use in 
recreational products, aerospace structures and marine 
structures. In particular, it was discovered that due to 
improved tensile strength, compressive strength, elevated 
temperature strength and creep resistance, stress corrosion 
resistance • with equivalent strength, strength with 
equivalent stress corrosion resistance, weld strength, 
especially when using scandium containing filler alloy, 
fatigue strength, weldability, especially when using 
scandium containing filler alloy, cold formability, 
extrudat-.lity, retention of an unrecrystallized 
microstructure after cold rolling and solution heat, and/or 
hot formability, such modified Al-Li-Mg alloys are 
especially useful in recreational structures such as ski 
15 poles, hockey sticks, bicycle frames, bicycle components 
(e.g., handle bars, pedals, seat posts, handle bar stems, 
wheel rims, cranks, crank arms, handle bar extensions, 
brake mechanisms, spokes, bottle cages, racks, derailleurs, 
saddles, suspension forks) , racquets (e.g., tennis, squash, 
20 badminton, racquetball) , athletic wheel chairs, tent poles, 
snow shoes, backpack frames, wind surfing frames, javelins, 
motorbikes and components thereof and/or snowmobiles. In 
this regard, gages of sheet and wall thicknesses may be 
reduced while reducing weight of the component or product 
25 and while increasing stiffness, durability in the tubes and 
joints, resistance to buckling, and/or bending resistance. 

It has also been found that such modified Al-Li-Mg 
alloys are also useful in aerospace structures due to the 
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improved tensile strength, compressive strength, stress 
corrosion resistance with equivalent strength, strength 
with equivalent stress corrosion resistance, weld strength, 
especially when using scandium containing filler alloy, 
5 fatigue strength, weldability, especially when using 
scandium containing filler alloy, cold formability, 
superplastic forming characteristics, retention of an 
unrecrystallized microstructure after cold rolling and 
solution heat and/or hot formability. In particular, such 

10 modified Al-Li-Mg alloys have been found to be useful in 
aircraft components such as upper wing skins, floor beams 
and integrally stiffened extruded barrel panels, and in 
launch vehicle components, such as propellant tanks, 
including domes, skirt structures, inner tank structures, 

15 isogrid structures and integrally stiffened extruded barrel 
panels. Due to the enhanced properties and processing of 
such modified Al-Li-Mg alloys, weight of the structures may 
be reduced by reducing gages of sheets, cross - sectional 
areas, plates and extrusions and thicknesses of walls while 

2 0 maintaining load carrying capability* 

It has also been recognized that such modified Al-Li- 
Mg alloys are also suited for use in certain marine 
structures due to the improved tensile strength, 
compressive strength, stress corrosion resistance with 

25 equivalent strength, strength with equivalent stress 
corrosion resistance, weld strength, especially when using 
scandium containing filler alloy, fatigue strength, 
fracture toughness, weldability, especially when using 
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scandium containing filler alloy, cold formability, 
superplastic forming characteristics, retention of an 
unrecrystallized microstructure after cold rolling and 
solution heat and/or hot formability. Specifically, such 
5 modified Al-Li-Mg alloys may be used in canoes and kayaks, 
torpedo casings, scuba diving tanks, sea launched missiles, 
naval fighter aircraft, ferries, yachts and recreational 
boats to reduce the thickness of walls, to decrease plate 
and sheet gages and to reduce the size of components in the 

10 structure and engine while maintaining performance. 

More specific alloy systems will now be discussed 
herein. In one embodiment, a new alloy system may be 
characterized as a high strength 7 XXX alloy system using 
the Aluminum Association classification system. In this 

15 embodiment, the alloy system comprises about (4.5 - 10) Zn, 
(1.0 - 3.5) Mg and (0.50 - 3.0) Cu. The grain refining 
system comprises (0.05 - 0.60) Sc and (0.05 - 0.30) Zr. It 
may be desirable to include elements that are miscible with 
Sc such as Y, Hf , Ti or Lanthanide elements in the range of 

20 0.05 to 1.0 weight percent. Elements typically used for 
grain refinement in this alloy system such as Cr, V and Mn 
are effectively removed. Specific embodiments which 
utilize the alloy design principles include: 
Ai - 7.4 Zn - 3.0 Mg - 2.1 Cu - 0.20 Sc * 0.12 Zr 

25 AI - 5.6 Zn - 2.5 Mg - 1.6 Cu - 0.20 Sc - 0.12 Zr 

AI - 7.7 Zn - 2.4 Mg - 1.5 Cu - 0.20 Sc - 0.12 Zr 
AI - 6.2 Zn - 2.3 Mg - 2.3 Cu - 0.20 Sc • 0.12 Zr 
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Al - 6.8 Zn - 2.7 Mg - 2.0 Cu - 0.20 Sc - 0.12 Zr 
Al • 8.0 Zn - 2.1 Mg - 2.3 Cu - 0.20 Sc - 0.12 Zr 



Many of these alloys simulate the Zn, Mg and Cu levels 
5 of conventional 7 XXX alloys. Depending upon service 
requirements and design loads, the levels of Zn, Mg and Cu 
can be adjusted accordingly. It should be noted that Si 
and Fe should be minimized in this alloy system based on 
the adverse effect of these elements on fracture toughness. 

10 A total content of Fe + Si should be less than about 0.50 
weight percent and preferably lower. Alloys of this system 
are advantageous for use in high performance athletic 
equipment, structures and components in aerospace or ground 
transportation systems . 

15 In another embodiment, the new alloy system in 

accordance with the principles of the present invention is 
a weldable 7 XXX alloy system using the Aluminum Association 
classification system. In this embodiment, the alloy 
system comprises about (4.5 - 10) Zn and (1.0 - 3.5) Mg. 

20 The grain refining system comprises (0.05 - 0.60) Sc and 
(0.05 - 0.30) Zr, It may be desirable to include elements 
that are miscible with Sc such as Y, Hf, Ti or Lanthanide 
elements in the range of 0.05 to 1.0 weight percent. 
Elements typically used for grain refinement in this alloy 

25 system such as Cr, V and Mn are effectively removed. 
Specific embodiments which utilize the alloy design 
principles include : 

Al • 4.5 Zn • 1.5 Mg - 0.20 Sc - 0.12 Zr 
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Al • 4.0 Zn • 2.8 Mg - 0.20 Sc • 0.12 Zr 
Al • 7.1 Zn - 1.3 Mg - 0.20 Sc - 0.12 Zr 

Depending upon service requirements and design loads, 
the levels of Zn and Mg can be adjusted accordingly. 
5 Additions, of Si and Fe should be minimized in this alloy 
system based on the adverse effect of these elements on 
fracture toughness. A total content of Fe + Si should be 
less than about 0.50 weight percent and preferably lower. 
Alloys of this system are advantageous for use in high 

10 performance athletic equipment, structures and components 
in aerospace or ground transportation systems. 

In another embodiment, the new alloy system, in 
accordance with the principles of the present invention is 
a binary Al-Cu 2 XXX alloy system using the Aluminum 

15 Association classification system. In this embodiment, the 
alloy system comprises about (2.0 - 7.0) Cu. The grain 
refining system comprises (0.05 - 0.60) Sc and (0.05 - 
0.30) Zr. It may be desirable to include elements that are 
miscible with Sc such as Y, Hf, Ti or Lanthanide elements 

20 in the range of 0.05 to 1.0 weight percent. Elements 
typically used for grain refinement in this alloy system 
such as V and Mn are effectively removed. Specific 
embodiments which utilize the alloy design principles 
include : 

25 Al - 6.0 Cu • 0.20 Sc • 0.18 Zr 

Al • 4.5 Cu - 0.20 Sc - 0.18 Zr 

Al - 6.0 Cu - 0.50 Sc • 0.20 Zr - 0.15 Ti (welding filler alloy) 
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Elements such as Ag, Mg, Zn, Ge, Sn, Cd, In and Ca may 
be introduced singly or in combination with one another to 
serve as nucleation aids for strengthening precipitates and 
to modify the size and distribution of G.P. zones. The 
5 elements that assist nucleation of precipitates can be 
added in the range of 0.02 to 1.0 weight percent. Alloys 
in this category are advantageous in aerospace structures 
and some ground transportation systems. 

In another embodiment, the new alloy system in 
10 accordance with the principles of the present invention is 
a ternary Al-Cu-Mg 2 XXX alloy system using the Aluminum 
Association classification system. In this embodiment, the 
alloy system comprises about (2.0 - 7.0) Cu and (0.20 - 
2.0) Mg. The grain refining system comprises (0.05 - 0.60) 
15 Sc and (0.05 - 0.30) Zr. It may be desirable to include 
elements that are miscible with Sc such as Y, Hg, Ti or 
Lanthanide elements in the range of 0.05 to 1.0 weight 
percent. Elements typically used for grain refinement in 
this alloy system such as V and Mn are effectively removed. 
2 0 Specific embodiments which utilize the alloy design 
principles include : 

Al - 4.5 Cu - 0.50 Mg - 0.20 Sc - 0.18 Zr 
Al ■ 5.5 Cu - 0.20 Mg • 0.20 Sc - 0.18 Zr 
Al - 5.5 Cu - 0.40 Mg - 0.40 Ag - 0.20 Sc - 0.18 Zr 
2 5 Al - 6.0 Cu - 0.30 Mg • 0.50 Sc - 0.20 Zr - 0.20 Ti (welding filler alloy) 

Al - 4.3 Cu - 1.5 Mg - 0.20 Sc • 0.18 Zr 
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Elements such as Ag, Mg, Zn, Ge, Sn, Cd, In and Ca may 
be introduced singly or in combination with one another to 
serve as nucleation aids for strengthening precipitates and 
to modify the size and distribution of G.P. zones. The 
5 elements that assist nucleation of precipitates can be 
added in the range of 0.02 to 0.50 weight percent. The 
total Fe + Si content should be below about 0.50 weight 
percent. Alloys in this category are advantageous in 
athletic equipment, aerospace structures and some ground 

10 transportation systems. 

In another embodiment, the new alloy system in 
accordance with the principles of the present invention- is 
an elevated temperature 2 XXX alloy system using the 
Aluminum Association classification system. In this 

15 embodiment, the alloy system comprises about (2.0 - 7.0) Cu 
and (0.20 - 2.0) Mg. Additions of Fe and Ni can be made in 
ranges of 0.50 to 1.5 weight percent each when it is 
desirable to provide intermetallic phases with high melting 
point. The grain refining system comprises (0.05 - 0.60) 

2 0 Sc and (0.05 - 0.30) Zr. It may be desirable to include 
elements that are miscible with Sc such as Y, Hf, Ti or 
Lanthanide elements in the range of 0.05 to 1.0 weight 
percent. Elements typically used for grain refinement in 
this alloy system such as V and Mn are effectively removed. 

25 Specific embodiments which utilize the alloy design 
principles include : 

A! - 4.5 Cu - 0.50 Mg - 0.20 Sc - 0.18 Zr 

Al - 4.5 Cu - 0.50 Mg - 0.20 Sc - 0.18 Zr - 1.0 Ni - 1.0 Fe 
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Al • 5.5 Cu - 0.50 Mg - 0.20 Sc - 0.18 Zr - 0.40 Ag 

Al - 2.5 Cu - 1.5 Mg - 0.20 Sc • 0.18 Zr - 1.0 Ni - 1.0 Fe 

Al • 3.5 Cu - 1.5 Mg - 0.20 Sc - 0.18 Zr - 0.50 Ni * 0.50 Fe 

Elements such as Ag, Zn, Ge, Sn, Cd, In and Ca may be 
5 introduced singly or in combination with one another to 
serve as nucleation aids for strengthening precipitates and 
to modify the size and distribution of G.P. zones. The 
elements that assist nucleation of precipitates can be 
added in the range of 0.02 to 0.50 weight percent. The 

10 total Fe + Si content should be below about 0.50 weight 
percent for alloys in which Fe additions are not made. 
Alloys in this category are advantageous in aerospace 
structures that are subjected to elevated temperatures and 
engine components in ground transportation systems, 

15 including recreational ground transportation systems such 
as motorcycles. 

In another embodiment, the new alloy system in 
accordance with the principles of the present invention is 
an Al-Cu-Li-Mg alloy system that can be classified as a 

2 0 2 XXX or 8 XXX alloy using the Aluminum Association 
classification system. In this embodiment, the alloy 
system comprises about (2.0 - 7.0) Cu, (0.20 - 2.5) Li and 
(0.05 - 2.0) Mg. The grain refining system comprises (0.05 
- 0.60) Sc and (0.05 - 0.30) Zr. It may be desirable to 

25 include elements that are miscible with Sc such as Y, Hf, 
Ti or Lanthanide elements in the range of 0.05 to 1.0 
weight percent. Specific embodiments which utilize the 
alloy design principles include: 
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Al ■ 4.0 Cu - 0.80 U : 0.40 Mg - 0.20 Sc • 0.14 Zr 
Al * 4.0 Cu • 1.0 Li • 0.40 Mg • 0.20 Sc - 0.14 Zr 
Al • 4.5 Cu - 0.50 Li - 0.40 Mg - 0.20 Sc - 0.14 Zr 
Al - 3.0 Cu - 2.0 U - 0.40 Mg - 0.20 Sc * 0.14 Zr 
5 Al • 2.5 Cu - 2.0 Li - 0.40 Mg - 0.20 Sc - 0.14 Zr 

Al - 4.0 Cu - 0.80 Li * 0.40 Mg * 0.20 Sc - 0.14 Zr 
Al - 4.0 Cu - 1.0 Li • 0.20 Sc - 0.14 Zr - 0.12 Y 
Al • 1.3 Cu - 2.5 Li - 1.0 Mg • 0.20 Sc • 0.14 Zr 

Elements such as Zn, Ge, Sn, Cd, In and Ca may be 

10 introduced singly or in combination with one another to 
serve as nucleation aids for strengthening precipitates and 
to modify the size and distribution of G.P. zones. .The 
elements that assist nucleation of precipitates can- be 
added in the range of 0.02 to 0.50 weight percent- „;The 

15 total Fe + Si content should be below about 0.50 weight 
percent. Alloys in this category are advantageous in high 
end athletic equipment and aerospace structures. 

In another embodiment, the new alloy system in 
accordance with the principles of the present invention is 

20 an Al-Mg-Li alloy system that can be classified as a 5 XXX 
alloy using the Aluminum Association classification system. 
In this embodiment, the alloy system comprises about (2.0 
- 8.0) Mg and (0.50 - 2.5) Li. The grain refining system 
comprises (0.05 - 0,60) Sc and (0.05 - 0.30) Zr. It may be 

25 desirable to include elements that are miscible with Sc 
such as Y, Hg, Ti or Lanthanide elements in the range of 
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0.05 to l> 0 weight percent. Specific embodiments which 
utilize the alloy design principles include: 
Al - 5.5 Mg • 2.0 Li - 0.20 Sc • 0.12 Zr 

Al - 6.0 Mg - 1.0 Li • 0.20 Sc - 0.12 Zr 

5 Al - 6.0 Mg - 1.0 Li - 0.20 Sc - 0.12 Zr . 0.12 Y 

Al - 6.0 Mg - 0.60 Li • 0.20 Sc - 0.12 Zr 

Elements such as Ag, Zn, Ge, Sn, Cd, In and Ca may be 
introduced singly or in combination with one another to 
serve as a nucleation aids for strengthening precipitates 

10 and modify the size and distribution of G.P. zones. The 
elements that assist nucleation of precipitates can be 
added in the range of 0,02 to 0.50 weight percent. The 
total Fe + Si content should be below about 0.50 weight 
percent. Alloys in this category are advantageous in high 

15 end athletic equipment, aerospace structures and marine 
structures . 

In another embodiment, the new alloy system in 
accordance with the principles of the present invention is 
an Al - Mg alloy system that can be classified as a 5 XXX 

20 alloy using the Aluminum Association classification system. 
In this embodiment, the alloy system comprises about (1.0 
- 10.0) Mg. The grain refining system comprises (0.05 - 
0.60) Sc and (0.05 - 0.30) Zr. It may be desirable to 
include elements that are miscible with Sc such as Y, Hf, 

25 Ti or Lanthanide elements in the range of 0.05 to 1.0 
weight percent. Elements typically used for grain 

refinement in this alloy system such as Cr and Mn are 
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effectively removed. Specific embodiments which utilize 
the alloy design principles include: 
Al ■ 4.0 Mg - 0.20 Sc • 0.12 Zr 

Al - 5.0 Mg - 0.20 Sc - 0.12 Zr 

5 Al - 6.0 Mg - 0.20 Sc - 0.12 Zr 

Al - 6.0 Mg - 0.20 Sc - 0.12 Zr - 0.12 Y 

Al - 6.0 Mg - 0.50 Sc • 0.20 Zr - 0.15 Ti (welding filler alloy) 

, Al • 4.0 Mg - 2.2 Zn - 0.50 Sc - 0.20 Zr (welding filler alloy) 

Al - 4.0 Mg - 2.2 Zn - 0.50 Sc • 0.20 Zr • 0.12 Y (welding filler alloy) 

10 The total Fe + Si content should be below about 0.50 

weight percent. Alloys in this category are advantageous in 
high end athletic equipment, aerospace structures, 
automotive components and marine structures. 

In another embodiment, the new alloy system in 

15 accordance with the principles of the present invention is 
an Al-Si-Mg alloy system that can be classified as a 6 XXX 
alloy using the Aluminum Association classification system. 
In this embodiment, the alloy system comprises about (0.10 
- 2.0) Si and (0.60 - 1.5) Mg. The grain refining system 

20 comprises (0.05 - 0.60) Sc and (0.05 - 0.30) Zr. It may be 
desirable to include elements that are miscible with Sc 
such as Y, Hf, Ti or Lanthanide elements in the range of 
0.05 to 1.0 weight percent. Elements typically used for 
grain refinement in this alloy system such as Cr and Mn are 

25 effectively removed. Specific embodiments which utilize 
the alloy design principles include: 
Al - 0.60 Si - 1.0 Mg • 0.20 Sc - 0.12 Zr 
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Al - 0.60 Si - 1.0 Mg - 0.20 Sc - 0.12 Zr • 0.80 Cu 

The total Fe content should be below about 0,50 weight 
percent. Alloys in this category are advantageous in 
athletic equipment, aerospace structures, automotive 
5 components and marine structures. 

In another embodiment, the new alloy system in 
accordance with the principles of the present invention is 
an Al-Si alloy system that can be classified as a 4 XXX 
alloy using the Aluminum Association classification system. 
10 In this embodiment, the alloy system comprises about (3.5 
- 15.0) Si, (0.05 - 3.0) Mg and (0.05 - 1.5) Ni . The grain 
refining system comprises (0.05 - 0.60) Sc and (0.05 - 
0.30) Zr. It may be desirable to include elements that are 
miscible with Sc such as Y, Hf, Ti or Lanthanide elements 
15 in the range of 0.05 to 1.0 weight percent. Elements 
typically used for grain refinement in this alloy system 
such as Cr and Mn are effectively removed. Specific 
embodiments which utilize the alloy design principles 
include: 

20 Al - 12.0 Si • 1.0 Mg - 0.90 Ni - 0.20 Sc - 0.12 Zr 

A! • 5.5 Si - 0.50 Sc • 0.20 Zr - 0.15 Ti (welding filler alloy) 

The total Fe content should be below about 0.50 weight 
percent. Alloys in this category are advantageous in 
bearing applications in aerospace, automotive and marine 
2 5 engine components. 

Specific athletic or recreational equipment that would 
benefit from many of the alloys disclosed include baseball 
or softball bats, archery arrows, ski poles, hockey sticks, 
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bicycle frames, bicycle components (handle bars, pedals, 
seat posts, handle bar stems, wheel rims, cranks, crank 
arms, handlebar extensions, brake mechanisms, spokes, 
bottle cages, racks derailleurs, saddles, suspension 
5 forks), golf shafts, golf club heads, racquets (tennis, 
squash, badminton, racquetball, etc.), athletic wheel 
chairs, tent poles, snow shoes, backpack frames, wind 
surfing frames, lacrosse sticks, sailboat masts and booms, 
javelins, motorbikes, motorbike components, jetskis and 

10 snowmobiles. 

Specific aerospace structures and components that 
would benefit from many of the alloys disclosed include 
aircraft upper wing skins, aircraft lower wing skins, 
aircraft seat tracks, aircraft fuselage skin, aircraft 

15 fuselage frames, aircraft stringers, aircraft floor beams, 
aircraft cargo tracks, aircraft leading edges, aircraft 
engine structure and inlet ducts, aircraft supersonic 
transport skins, launch vehicle propellant tanks domes, 
launch vehicle skirt structures, launch vehicle inner tank 

20 structures, launch vehicle isogrid structures and 
integrally stiffened extruded barrel panels for both 
aircraft and launch vehicles. 

Specific ground transportation structures and 
components that would benefit from many of the alloys 

2 5 disclosed include automotive space frames, bumpers, sheet 
products, (body panels, hoods, doors, inner panels) , seat 
frames, connecting rods, armor plate, liquid and cryogenic 
liquid transportation tanks, people movers (shuttle buses, 
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monorails, etc.), suspension parts, mounting brackets and 
details, transmission housings, pistons and cylinder heads. 

Specific marine structures and components that would 
benefit from many of the alloys disclosed include canoes 
5 and kayaks, torpedo casings, scuba diving tanks, sea 
launched missiles, naval fighter aircraft, ferries, yachts 
and recreational boats . 

Specific examples are given to demonstrate how the new 
alloy system can attain unique properties and processing 
10 characteristics that change the way designers approach 
product design and manufacturing. 

EXAMPLE 1 

Modern bicycles and mountain bikes in particular have 
15 evolved into very high technology structures . High end 
mountain bicycles used by serious riders consist of welded 
frames using aluminum or titanium alloy tubing. Several 
components that are integrated into a bicycle are often 
machined using computerized numerical control methods for 
20 precision. With regard to targeting a portion of the 
bicycle where weight reduction can be made, it is clear 
that the frame is the leading contributor to the total 
metallic weight of the bicycle. 

Despite the technological improvements that have been 
2 5 introduced into bicycles, the aluminum alloys that are now 
used for the frame portion include relatively low strength 
alloys 6061 (yield strength = 40 ksi) and 7005 (yield 
strength = 42 ksi) . Clearly, there are aluminum alloys 
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available with much higher yield strength values such as 
7001 (90 ksi) or 7075 (75 ksi) . Alloys 7001 and 7075, 
however, are highly susceptible to hot cracking during 
welding and are not used in welded structures. This 

-5 cracking tendency can be attributed to the high solute 
levels of Zn and Mg combined with the effect of Cu in 
increasing the solidification range. A large 

solidification range allows more time for the deleterious 
effect of solidification shrinkage and thermal contraction 

10 to contribute to tearing of interdendritic liquid films. 
This illustrates an example of conflicting alloy design 
goals of strength and weldability. It would clearly be 
desirable to provide the bicycle industry with ultra-high 
strength alloys that can be welded and used in welded 

15 frames. 

To evaluate the technical merit of using a new grain 
refining system in a 7 XXX alloy, two alloys with levels of 
Zn, Mg and Cu similar to that of 7001 and 7075 were 
redesigned by removing the Mn and Cr and introducing Sc + 
20 Zr with two different Sc levels. Each of the alloys were 
cast and hot rolled to a thickness of 3.0 mm. The specific 
alloy compositions are listed below along with the 
compositions of 7001 and 7075. 
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Alloy 


lw wig 


uu win 


t»r oC LX 


7001 


7.4 3.0 


2.1 0.20 


0.22 


7075 


5.6 2.5 


1.6 0.30 


0.23 


new 7XXX, #1 


6.1 2.9 


2.1 


0.20 0.11 


new 7XXX, #2 


6.5 2.9 


2.0 


0.40 0.11 


The alloys are most similar to 


7001 with less Zn 


content . 


Three 5 XXX 


type filler 


alloys were also 


fabricated 


for use in 


welding trials 


with the two newly 


configured 


7 XXX alloys. 


Along with the conventional 53 5 6 


type filler alloy that 


contains Mn, 


Ti and Cr, two new 


filler alloys were produced using Ti + Sc for one variant 



and Sc alone for the other variant. 

Alloy Mg Mn Cr Sc Ti_ 

15 5356 5.2 0.10 0.12 0.13 

new 5XXX, #1 5.4 0.21 0.05 



new 5XXX, #2 5.4 0.28 

A common weldability test, the Houldcroft crack 
20 susceptibility test was used to evaluate the weldability of 
different combinations of the listed filler alloys and base 
metals. Restraint in the weld is increased by machined 
slots perpendicular to the welding direction, thereby 
exaggerating cracking. Throughout our alloy development 
25 programs, we have observed that non-weldable aluminum 
alloys can display cracking levels as high as 63%. 

As illustrated in Figure 1, the use of a Sc containing 
filler alloy Al - 5.4 Mg - 0.28 Sc combined with a base 
alloy of Al - 6 . 1 Zn - 2 . 9 Mg - 2.1 Cu - 0.2 0 Sc - 0.11 Zr 
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displays 0% or no cracking in the Houldcroft test. 
Importantly, it appears that increasing the Sc level to 
0.40% in the base metal actually results in a higher level 
of cracking. This can perhaps be attributed to excess Sc 
5 forming coarse primary particles that were not well 
distributed. Upon remelting of the base alloy during 
welding and mixing with the filler alloy, these coarse 
particles would not be effective in renucleating grains in 
the weld metal or inhibiting grain growth in the heat 

10 affected zone . 

In viewing the literature of aluminum welding 
metallurgy, one skilled in the art can appreciate that 
these welding results are unprecedented and that no results 
of this sort have ever been reported in the public domain. 

15 It is significant that a high strength, 7 XXX type alloy can 
be welded with a 5 XXX type filler alloy using the alloy 
design principles of the invention and no cracking is 
observed in an exaggerated hot cracking test. Translation 
of this behavior into a real world welding fabrication 

2 0 endeavor where weld restraint can be a large factor would 
indicate that designers of welded structures can now begin 
to rethink their design approach to use high strength 
alloys. Even though these 7 XXX alloys have been in use 
since the late 1930' s, the problem of weldability has not 

25 been solved up to this point. 

To revisit how a designer- of a bicycle frame can now 
introduce the weldable, ultra-high strength 
Al-Zn-Mg-Cu-Sc-Zr alloy for the commonly used 7005, 
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equations can be set up to determine the tube thickness 
that can be used with a new alloy to take advantage of the 
high strength levels. The stress state of any tube in a 
bike frame is primarily bending. Accordingly, a designer 
5 would consider basic engineering' equations for the yielding 
moment of inertia My, which should be avoided to prevent 
permanent yielding of the tube. 

This value My, is proportional to the product of the 
materials yield strength a y and the moment of inertia I: 
10 MyCXOyl, where I = 7rD 4 (1-d/D) 4 

The value d is the inside diameter of the tube and D 
is the outside diameter of the tube. 

Since the design will consider the same yielding 
moment My, the product cr y I for 7X0 1M (X = indicates an alloy 
15 modified with the new alloying principles) and mainstay 
bicycle alloy 7005 can be set equal to one another to 
determine the ultimate weight reduction of a frame 
implementing the new alloy, in other words: 

or 

{[<T y ] [7TD 4 (1-d/D) 4 }™ = {[a y ] [7TD 4 (l-d/D) 4 } 7O05 

The yield strength values of 7X01 (90 ksi) and 7005 
25 (40 ksi) can then be entered into the equation along with 
a value for the outside diameter of the existing 7005 tube 
design, 1.5 inches, and the inside diameter of the existing 
7005 tube, 1.44 inches. This gives a wall thickness of 
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0.060 inches for the 7005 tube. For the new 7001 tube, we 
can assume the same outside diameter, 1.5 inches, and then 
solve the equation for the inside diameter of the 7X01 
tube . 

5 Using the considerations above, the calculated inside 

diameter of the new 7001 tube for a bike frame is 1.475 
inches or a wall thickness of 0.025 inches. Compared to 
the 0.060 inch wall thickness required for the existing 
7005 design, a new frame design using the new weldable, 

10 high strength alloy can weigh less than half that of the 
existing bike frame. A four pound frame can be substituted 
for a frame that is less than two pounds . A weight 
reduction of this magnitude would give a rider ; a 
significant increase in climbing ability. In recalling the 

15 weight reduction article from a mountain bike magazine 
where a few hundred grams are shaved from a bike's total 
weight by replacing components, the frame design example 
given here compares favorably since over 1000 grams can be 
saved. Moreover, this principle can be applied to 

20 components to produce unprecedented weight reductions using 
the new alloys. All of the other advantageous 

characteristics of these alloys can be implemented into 
bicycle manufacturing and design of frames and components,' 
including the improved 1) hot working capability, 2) 

25 fatigue resistance, 3) hot and cold formability, 4) 
weldability and weld strength, 5) extrudability and 
f orgeability and 6) grain structure. 
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EXAMPLE 2 

Aluminum alloys are competitive with most high 
strength steel and titanium alloys at ambient temperature 
when density is taken into consideration. When service 
5 temperatures exceed about 100°C, aluminum alloys begin 
experiencing a loss in strength and strength values drop to 
less that half of the ambient temperature strength value 
when temperatures exceed 200°C. Out of all aluminum 
alloys, alloy 2618 (Al - 2.4 Cu - 1 . 0 Ni - 1.0 Fe - 0.20 

10 Si) is the leading alloy for use where elevated 
temperatures are encountered. Current demanding 

applications that are now utilizing this alloy include the 
Concorde aircraft which travels at speeds that induce 
heating the skin surface and engine components where 

15 exposure to elevated temperatures occurs. 

To evaluate the feasibility of using the alloy design 
concepts of this invention to design a new alloy for 
elevated temperature use, two variants employing the Sc + 
Zr additions were cast and rolled into sheet along with a 



20 



2618 type 


variant 


. The 


compositions 


are listed below. 


Alloy 


Cu 


Mg 


Ni 


Fe 


Si 


Sc Zr 


2618 


3.5 


1.6 


1.4 


1.6 


0.40 




2X18, #1 


2.5 


1.6 


1.0 


1.6 


0.30 


0.15 0.16 


2X18, n 


2.6 


1.6 


1.5 


1.4 


0.30 


0.45 0.22 


Each 


of the 


alloys 


was 


then solution 


heat treated 



490°C for one hour, water quenched, stretched 5% and then 
aged at different time intervals at 180°C. A three point 
bend test was then used' to evaluate the 0.2% offset 
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strength at each time interval. As Table 2 indicates, the 
Sc and Zr additions provide up to a 73% strength advantage 
over the mainstay elevated temperature alloy 2618. It is 
observed that the 0.15 Sc level affords higher strength 
5 than the 0.45 Sc level for these aging parameters. 

TABLE 2 



10 



Alloy 


Stress Value at 0.2% 


Strain, ksi (% improvement over 2618) 
jing Time in Hours 


0 


4 


8 


20 


40 


2618 


48.8 


49.2 


50.1 


50.6 


47.9 


2X18, #1 


80.8 (65) 


85.2 (73) 


85.2 (70) 


84.0 (66) 


79.1 (65) 


2X18. #2 


56.6 (16) 


69.3 (41) 


65.4 (31) 


67.0 (33) 


68.3 (43) 



15 

Because 2618 is considered a non weldable alloy by 
virtue of its low Cu content, a Houldcroft weld crack 
sensitivity test was conducted to determine whether this 
type of alloy can exhibit improved weldability. Three 
20 filler alloys, a conventional 2319 type filler alloy and 
two new filler alloys were designed using the principles of 
this invention. The compositions of the filler alloys are 
listed below. 

Alloy Cu V Mn Ti Zr Sc_ 

25 2319 6.5 0.13 0.33 0.11 0.30 

2X19, #1 4.9 0.13 0.35 

2X19, tt2 6.0 0.11 0.22 0.40 



30 



As shown in Figure 2, the combination of a 
conventional 2319 type filler alloy used to weld 2618 
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results in 50% cracking in the Houldcroft test. Use of 
2319 on alloy variants with 2X19, #1 and 2X19, #2 results 
in less cracking, although cracking still occurs in the 



5 attained with the modified higher strength alloys combined 
with the redesigned filler alloys. Surprisingly, use of a 
base alloy with 0.15 Sc + 0.16 Zr welded with a filler 
alloy containing 0.40 Sc + 0.22 Zr results in 0% or no hot 
cracking. Again, a non-weldable alloy has been converted 

10 to a weldable alloy using the principles of alloy design in 
this invention. A designer of a system where an aluminum 
alloy is to be used in an elevated temperature environment 
can now consider an alloy with the potential for a 73% 
strength increase that displays excellent weldability. 

15 The foregoing description of the present invention has 

been presented for purposes of illustration and 
description. Furthermore, the description is not intended 
to limit the invention to the form disclosed herein. 
Consequently, variations and modifications commensurate 

20 with the above teachings, and the skill or knowledge of the 
relevant art, are within the scope of the present 
invention. The embodiments described hereinabove are 
further intended to explain best modes known for practicing 
the invention and to enable others skilled in the art to 

25 utilize the invention in such, or other, embodiments and 
with various modifications required by the particular 
applications or uses of the present invention. It is 
intended that the appended claims be construed to include 



range of 13% to 44% 



Clearly, the best results are 
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alternative embodiments to the extent permitted by the 
prior art . 
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What is claimed is : 

1. A method for assembling a structure comprising 
first and second parts, said method comprising the steps 
of: 

5 selecting compositions for the first and second parts, 

the compositions comprising scandium and at least about 60 
weight percent aluminum; 

selecting a filler alloy comprising scandium and at 
least about 60 weight percent aluminum; and 
10 welding the first and second parts together utilizing 

the filler alloy. 

2. A method for assembling a structure, as claimed 
in claim 1, wherein the compositions each comprise from 
about 0.02 to about 10.0 weight percent scandium. 

15 3. A method for assembling a structure, as claimed 

in claim 2, wherein the compositions each comprise from 
about 0.1 to about 0.5 weight percent scandium. 

4. A method for assembling a structure, as claimed 
in claim 1, wherein the compositions each further comprise 

20 zirconium. 

5. A method for assembling a structure, as claimed 
in claim 4, wherein the compositions each comprise from 
about 0.01 to about 1.0 weight percent zirconium. 

6. A method for assembling a structure, as claimed 
25 in claim 5, wherein the compositions each comprise from 

about 0.05 to about 0.22 weight percent zirconium. 
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7. A method for assembling a structure, as claimed 
in claim 4, wherein a weight ratio of the scandium to the 
zirconium in each of the compositions ranges from about 
1000:1 to about 0.02:1. 
5 8. A method for assembling a structure, as claimed 

in claim 1, wherein the filler alloy comprises from about 
0.02 to about 10 weight percent scandium. 

9. A method for assembling a structure, as claimed 
in claim 8, wherein the filler alloy comprises from about 

10 0.1 to about 0.5 weight percent scandium. 

10. A method for assembling a structure, as claimed 
in claim 1, wherein the filler alloy further comprises 
zirconium. 

11. A method for assembling a structure, as claimed 
15 in claim 10, wherein the filler alloy comprises from about 

0.01 to about 1.0 weight percent zirconium. 

12. A method for assembling a structure, as claimed 
in claim 11, wherein the filler alloy comprises from about 
0.05 to about 0.22 weight percent zirconium. 

20 13 . A method for assembling a structure, as claimed 

in claim 10, wherein a weight ratio of the scandium to the 
zirconium in the filler alloy ranges from about 1000:1 to 
about 0.02:1. 

14. A method for assembling a structure, as claimed 
25 in claim 1, wherein the filler alloy is substantially free 
of lithium. 
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15. A method for assembling a structure, as claimed 
in claim 1, wherein the compositions and the filler alloy 
each comprise from about 0.02 to about 10.0 weight percent 
scandium. 

5 16. A method for assembling a structure, as claimed 

in claim 15, wherein the compositions and the filler alloy 
each comprise from about 0.1 to about 0.5 weight percent 
scandium. 

17. A method for assembling a structure, as claimed 
10 in claim 1, wherein the compositions and the filler alloy 

each further comprise zirconium. 

18. A method for assembling a structure, as claimed 
in claim 17, wherein the compositions and the filler alloy 
each comprise from about 0.01 to about 1.0 weight percent 

15 zirconium. 

19. A method for assembling a structure, as claimed 
in claim 18, wherein the compositions and the filler alloy 
each comprise from about 0.05 to about 0.22 weight percent 
zirconium. 

20 20. A method for assembling a structure, as claimed 

in claim 19, wherein a weight ratio of the scandium to the 
zirconium in the compositions and the filler alloy ranges 
from about 1000:1 to about 0.02:1. 



WO 95/32074 



PCTYUS95/06684 



-85- 

21. A method for assembling a structure, as ^claimed 
in claim 1, wherein said welding step is selected from the 
group consisting of tungsten- inert gas welding, metal inert 
gas welding, plasma arc welding, laser beam welding, 

5 electron beam welding, diffusion welding, friction welding, 
ultrasonic welding and explosion welding. 

22. A method for assembling a structure, as claimed 
in claim 1, wherein said welding step comprises: 

positioning the first and second parts in a joint 
10 geometry selected from the group consisting of: a butt 
joint, a V-shaped joint and a double V-shaped joint; and 

welding the first part to the second part to form a 
welded joint. 
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23. A method for assembling a structure comprising 
first and second aluminum alloy parts each having a 
composition comprising at least about 60 weight percent 
aluminum, said method comprising the steps of: 
5 selecting a filler alloy comprising scandium and at 

least about 60 weight percent aluminum, the filler alloy 
being substantially free of lithium; and 

welding the first aluminum alloy part to the second 
aluminum alloy part utilizing the filler alloy. 
10 24. A method for assembling a structure, as claimed 

in claim 23, wherein the filler alloy comprises from about 
0.02 to about 10.0 weight percent scandium. 

25. A method for assembling a structure, as claimed 
in claim 24, wherein the filler alloy comprises from about 

15 0.1 to about 0.5 weight percent scandium. 

26. A method for assembling a structure, as claimed 
in claim 23, wherein the filler alloy further comprises 
zirconium. 

27. A method for assembling a structure, as claimed 
20 in claim 26, wherein the filler alloy comprises from about 

0.01 to about 1.0 weight percent zirconium. 

28. A method for assembling a structure, as claimed 
in claim 27, wherein the filler alloy comprises from about 
0.05 to about 0.22 weight percent zirconium. 

25 29. A method for assembling a structure, as claimed 

in claim 26, wherein a weight ratio of the scandium to the 
zirconium in the filler alloy is from about 1000:1 to about 
0.02:1. 
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30. A method for assembling a structure, as claimed 
in claim 23, wherein the compositions each further comprise 
scandium. 

31. A method for assembling a structure, as claimed 
5 in claim 30, wherein the compositions each comprise from 

about 0.02 to about 10.0 weight percent scandium. 

32. A methdd for assembling a structure, as claimed 
in claim 31, wherein the compositions each comprise from 
about 0.1 to about 0.5 weight percent scandium. 

10 33. A method for assembling a structure, as claimed 

in claim 30, wherein the compositions each further comprise 
zirconium. 

34. A method for assembling a structure, as claimed 
in claim 33, wherein the compositions each comprise from 

15 about 0.01 to about 1.0 weight percent zirconium. 

35. A method for assembling a structure, as claimed 
in claim 34, wherein the compositions each comprise from 
about 0,05 to about 0.22 weight percent zirconium. 

36. A method for assembling a structure, as claimed 
20 in claim 33, wherein a weight ratio of the scandium to the 

zirconium in each of the compositions ranges from about 
1000:1 to about 0.02:1.* 

37. A method for assembling a structure, as claimed 
in claim 30, wherein the compositions and the filler alloy 

25 each comprise from about 0.02 to about 10.0 weight percent 
scandium. 



WO 95/32074 




PCT7US95/06684 



-88- 

38. A method for assembling a structure, as claimed 
in claim 37, wherein the compositions and the filler alloy- 
each comprise from about 0.1 to about 0,5 weight percent 
scandium. 

5 39. A method for assembling a structure, as claimed 

in claim 30, wherein the compositions and the filler alloy 
each further comprise zirconium. 

40. A method for assembling a structure, as claimed 
in claim 39, wherein the compositions and the filler alloy 

10 each comprise from about 0.01 to about 1.0 weight percent 
zirconium. 

41. A method for assembling a structure, as claimed 
in claim 40, wherein the compositions and the filler alloy 
each comprise from about 0.05 to about 0.22 weight percent 

15 zirconium. 

42. A method for assembling a structure, as claimed 
in claim 39, wherein a weight ratio of the scandium to the 
zirconium in the compositions and the filler alloy ranges 
from about 1000:1 to about 0.02:1. 

20 43 . A method for assembling a structure, as claimed 

in claim 23, wherein said welding step is selected from the 
group consisting essentially of tungsten- inert gas welding, 
metal inert gas welding, plasma arc welding, laser beam 
welding, electron beam welding, diffusion welding, friction 

25 welding, ultrasonic welding and explosion welding. 
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44. A method for assembling a structure, as claimed 
in claim 23, wherein said step of welding comprises: 

positioning the first and second parts in a joint 
geometry selected from the group consisting of: a butt 
5 joint, a V-shaped joint and a double V-shaped joint; and 

welding the first part to the second part to form a 
butt joint. 
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45. A method for assembling a structure comprising 
first and second aluminum alloy parts each having a 
composition comprising at least about 60% aluminum, said 
method comprising the steps of: 
5 selecting a filler alloy comprising aluminum and grain 

refiners, the grain refiners consisting essentially of 
scandium and zirconium; and 

welding the first aluminum alloy part to the second 
aluminum alloy part utilizing the filler alloy. 
10 46. A method for assembling a structure, as claimed 

in claim 45, wherein the filler alloy comprises from about 
0.02 to about 10.0 weight percent scandium. 

47. A method for assembling a structure, as claimed 
in claim 46, wherein the filler alloy comprises from about 

15 0.1 to about 0.5 weight percent scandium. 

48. A method for assembling a structure, as claimed 
in claim 45, wherein the filler alloy comprises from about 
0.01 to about 1.0 weight percent zirconium. 

49. A method for assembling a structure, as claimed 
20 in claim 48, wherein the filler alloy comprises from about 

0.05 to about 0.22 weight percent zirconium. 

50. A method for assembling a structure, as claimed 
in claim 45, wherein a weight ratio of the scandium to the 
zirconium in the filler alloy is from about 1000:1 to about 

25 0.02:1. 

51. A method for assembling a structure, as claimed 
in claim 45, wherein the filler alloy is substantially free 
of lithium. 
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52. A method for assembling a structure, as claimed 
in claim 45, wherein the compositions each further comprise 
scandium. 

53. A method for assembling a structure, as claimed 
5 in claim 52, wherein the compositions each comprise from 

about 0.02 to about 10.0 weight percent scandium. 

54. A method for assembling a structure, as claimed 
in claim 53, wherein the compositions each comprise from 
about 0.1 to about 0.5 weight percent scandium. 

10 55. A method for assembling a structure, as claimed 

in claim 52, wherein the compositions each further comprise 
zirconium. 

56. A method for assembling a structure, as claimed 
in claim 55, wherein the compositions each comprise from 

15 about 0.01 to about 1.0 weight percent zirconium. 

57. A method for assembling a structure, as claimed 
in claim 56, wherein the compositions each comprise from 
about 0,05 to about 0.22 weight percent zirconium. 

58. A method for assembling a structure, as claimed 
20 in claim 55, wherein a weight ratio of the scandium to the 

zirconium in each of the compositions ranges from about 
1000:1 to about 0.02:1. 

59. A method for assembling a structure, as claimed 
in claim 52, wherein the compositions and the filler alloy 

25 each comprise from about 0.02 to about 10.0 weight percent 
scandium. 
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60. A method for assembling a structure, as claimed 
in claim 59, wherein the compositions and the filler alloy 
each comprise from about 0-1 to about 0.5 weight percent, 
scandium. 

5 61. A method for assembling a structure, as claimed 

in claim 52, wherein the compositions and the filler alloy 
each further comprise zirconium. 

62. A method for assembling a structure, as claimed 
in claim 61, wherein the compositions and the filler alloy 

10 each comprise from about 0.01 to about 1.0 weight percent 
zirconium. 

63. A method for assembling a structure, as claimed 
in claim 62, wherein the compositions and the filler alloy 
each comprise from about 0.05 to about 0.22 weight percent 

15 zirconium. 

64. A method for assembling a structure, as claimed 
in claim 61, wherein a weight ratio of the scandium to the 
zirconium in the compositions and the filler alloy ranges 
from about 1000:1 to about 0.02:1. 

20 65. A method for assembling a structure, as claimed 

in claim 45, wherein said welding step is selected from the 
group consisting essentially of tungsten- inert gas welding, 
metal inert gas welding, plasma arc welding, laser beam 
welding, electron beam welding, diffusion welding, f rice ion 

25 welding, ultrasonic welding and explosion welding. 
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66. A method for assembling a structure, as claimed 
in claim 45, wherein said step of welding comprises: 

positioning the first and second parts in a joint 
geometry selected from the group consisting of: a butt 
5 joint, a V-shaped joint and a double V-shaped joint; and 

welding the first part to the second part to form a 
welded joint. 
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67. An aluminum- based alloy comprising: 

from about 1.5 to about 3.1 weight percent copper; 
from about 1.0 to about 2.1 weight percent magnesium; 
from about 0.5 to about 1.7 weight percent iron; 
5 from about 0.6 to about 1.5 weight percent nickel; 

from about 0.04 to about 0.10 weight percent titanium; 
from about 0.10 to about 0.25 weight percent silicon; 
from about 0.02 to about 10.0 weight percent scandium; 
from about 0.1 to about 1.0 weight percent zirconium; 

10 and 

from about 60 to about 9 7 weight percent aluminum. 

68. An aluminum -based alloy, as claimed in claim 67, 
wherein said alloy comprises from about 0.1 to about 0.5 
weight percent scandium. 

15 69. An aluminum- based alloy, as claimed in claim 68, 

wherein said alloy comprises from about 0.2 to about 0.4 
weight percent scandium. 

70. An aluminum- based alloy, as claimed in claim 67, 
wherein said alloy comprises from about 0.01 to about 1.0 

20 weight percent zirconium. 

71. An aluminum- based alloy, as claimed in claim 70, 
wherein said alloy comprises from about 0.05 to about 0.22 
weight percent zirconium. 

72. An aluminum- based alloy, as claimed in claim 67, 
25 wherein a weight ratio of the scandium to the zirconium in 

the alloy ranges from about 1000:1 to about 0.02:1. 
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73. An aluminum- based alloy, as claimed in claim 67, 
consisting essentially of: 

from about 1.5 to about 3.1 weight percent copper; 
from about 1.0 to about 2.1 weight percent magnesium; 
5 from about 0.5 to about 1.7 weight percent iron; 

from about 0.6 to about 1.5 weight percent nickel; 
from about 0.10 to about 0.25 weight percent silicon; 
from about 0.02 to about 10.0 weight percent scandium; 
from about 0.1 to about 1.5 weight percent grain 
10 refiners; and 

the remainder consisting essentially of aluminum and 
incidental impurities . 

74. An aluminum- based alloy, as claimed in claim 73, 
consisting essentially of: 

15 about 2.3 weight percent copper; 

about 1.6 weight percent magnesium; 

about 1.1 weight percent iron; 

about 1.0 weight percent nickel; 

about 0.18 weight percent silicon; 
20 about 0.40 weight percent scandium; 

about 0.2 to about 0.5 weight percent grain refiners; 

and 

the remainder consisting essentially of aluminum and 
incidental impurities. 
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75. An aluminum- based alloy comprising: 

from about 0.20 to about 1.8 weight percent silicon; 
from about 0.2 0 to about 0.8 0 weight percent 
manganese; 

5 from about 0.40 to about 1.40 weight percent 

magnesium; 

from about 0.02 to about 10.0 weight percent scandium; 

and 

from about 60 to about 9 9 weight percent aluminum, 
10 wherein said alloy is substantially free of chromium. 

76. An aluminum- based alloy, as claimed in claim 75, 
wherein said alloy comprises from about 0.1 to about 0.5 
weight percent scandium. 

77. An aluminum- based alloy, as claimed in claim 76, 
15 wherein said alloy comprises from about 0.2 to about 0.4 

weight percent scandium. 

78. An aluminum- based alloy, as claimed in claim 75, 
wherein said alloy comprises from about 0.01 to about 1.0 
weight percent zirconium. 

20 79. An aluminum- based alloy, as claimed in claim 78, 

wherein said alloy comprises from about 0.05 to about 0.22 
weight percent zirconium. 

80. An aluminum- based alloy, as claimed in claim 78, 
wherein a weight ratio of the scandium to the zirconium in 

25 the alloy ranges from about 1000:1 to about 0.01:1. 



WO 95/32074 



PCT/US95/06684 



-97- 

81. An aluminum- based alloy, at claimed in claim 75, 
consisting essentially of: 

from about 0.20 to about 1.8 weight percent silicon; 
from about 0.40 to about 1.40 weight percent 
5 magnesium; 

from about 0.02 to about 10.0 weight percent scandium; 
from about 0.1 to about 1.5 weight percent grain 
refiners; and 

the remainder consisting essentially of aluminum and 
10 incidental impurities. 

82. An aluminum- based alloy, at claimed in claim 81, 
consisting essentially of: 

about 0.60 weight percent silicon; 
about 1.0 weight percent magnesium; 
15 about 0.40 weight percent scandium; 

about 0.2 to about 0.5 weight percent grain refiners; 

and 

the remainder consisting essentially of aluminum and 
incidental impurities. 
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83. An aluminum- based alloy comprising: 

from about 4.0 to about 9.0 weight percent zinc; 
from about 0.6 to about 3.8 weight percent magnesium; 
from about 0.1 to about 3,0 weight percent copper; 
5 from about 0.02 to about 10.0 weight percent scandium; 

and 

from about' 60 to about 96 weight percent aluminum, 
wherein said alloy is substantially free of chromium. 

84. An aluminum- based alloy, as claimed in claim 83, 
10 wherein said alloy comprises from about 0.1 to about 0.5 

weight percent scandium. 

85. An aluminum- based alloy, as claimed in claim 84, 
wherein said alloy comprises from about 0.2 to about 0.4 
weight percent scandium. 

15 86. An aluminum -based alloy, as claimed in claim 83, 

wherein said alloy comprises from about 0.01 to about 1.0 
weight percent zirconium. 

87. An aluminum-based alloy, as claimed in claim 86, 
wherein said alloy comprises from about 0.05 to about 0.22 

20 weight percent zirconium. 

88. An aluminum-based alloy, as claimed in claim 86, 
wherein a weight ratio of the scandium to the zirconium in 
the alloy ranges from about 1000:1 to about 0.02:1. 
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89. An aluminum-based alloy, as claimed in claim 83, 
consisting essentially of: 

from about 4.0 to about 9.0 weight percent zinc; 
from about 0 . 6 to about 3.8 weight percent magnesium; 
5 from about 0 . 1 to about 3.0 weight percent, copper; 

from about 0.02 to about 10.0 weight percent scandium; 
from about 0.1 to about 1.5 weight percent grain 
refiners; and 

the remainder consisting essentially of aluminum and 
10 incidental impurities. 

90. An aluminum- based alloy, as claimed in claim 89, 
consisting essentially of: 

about 5.6 weight percent zinc- 
about 2.5 weight percent magnesium; 
15 about 1.6 weight percent copper; 

about 0.2 weight percent titanium; 
about 0.40 weight percent scandium; 

about 0.2 to about 0.5 weight percent grain refiners; 

and 

2 0 the remainder consisting essentially of aluminum and 

incidental impurities . 
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91. An aluminum- based alloy comprising: 

from about 3.0 to about 6.0 weight percent copper; 
from about 0.40 to about 1.8 weight percent lithium; 
from about 0.10 to about 0.70 weight percent 
5 manganese; 

from about 0.02 to about 10.0 weight percent scandium; 

and 

from about 60 to about 97 weight percent aluminum, 
wherein said alloy is substantially free of cadmium and 
10 magnesium. 

92. An aluminum- based alloy, as claimed in claim 91, 
wherein said alloy comprises from about 0.1 to about 0.5 
weight percent scandium. 

93. An aluminum- based alloy, as claimed in claim 92, 
15 wherein said alloy comprises from about 0.2 to about 0.4 

weight percent scandium. 

94. An aluminum- based alloy, as claimed in claim 91, 
wherein said alloy comprises from about 0.01 to about 1.0 
weight percent zirconium. 

20 95. An aluminum- based alloy, as claimed in claim 94, 

wherein said alloy comprises from about 0.05 to about 0.22 
weight percent zirconium. 

96. An aluminum- based alloy, as claimed in claim 94, 
wherein a weight ratio of the scandium to the zirconium in 

2 5 the alloy ranges from about 10 00:1 to about 0.02:1. 
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97. An aluminum- based alloy, as claimed in claim 91, 
consisting essentially of: 

from about 3.0 to about 6.0 weight percent copper; 

from about 0.40 to about 1.8 weight percent lithium; 
5 from about 0.02 to about 10.0 weight percent scandium; 

from about 0.1 to about 1.5 weight percent grain 
refiners; and 

the remainder consisting essentially of aluminum and 
incidental impurities . 
10 98. An aluminum- based alloy, as claimed in claim 97, 

consisting essentially of: 

about 4.0 weight percent copper; 
about 1.0 weight percent lithium; 
about 0.40 weight percent scandium; 
15 about 0.2 to about 0.5 weight percent grain refiners; 

and 

the remainder consisting essentially of aluminum and 
incidental impurities . 
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99. An aluminum- based alloy comprising: 

from about 2.0 to about 10.0 weight percent copper; 
from about 0.02 to about 10.0 weight percent scandium; 

and 

5 from about 60 to about 9 8 weight percent aluminum. 

100. An aluminum- based alloy, as claimed in claim 99, 
wherein said alloy comprises from about 0.1 to about 0*5 
weight percent scandium. 

101. An aluminum- based alloy, as claimed in claim 100, 
10 wherein said alloy comprises from about 0.2 to about 0.4 

weight percent scandium. 

102. An aluminum- based alloy, as claimed in claim 99, 
wherein the alloy further comprises zirconium. 

103. An aluminum- based alloy, as claimed in claim 99, 
15 wherein the alloy further comprises titanium. 

104. An aluminum- based alloy, as claimed in claim 99, 
wherein the alloy further comprises hafnium. 

105. An aluminum- based alloy, as claimed in claim 99, 
wherein the alloy further comprises yttrium. 

20 106. An aluminum- based alloy, as claimed in claim 99, 

consisting essentially of: 

from about 2.0 to about 10.0 weight percent copper ; 

from about 0.02 to about 10.0 weight percent scandium; 

from about 0.1 to about 1.5 weight percent grain 
25 refiners; and 

the remainder consisting essentially of aluminum. 
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107. An aluminum- based alloy, as claimed in claim 106, 
consisting essentially of: 

about 6.0 weight percent copper; 

about 0.5 weight percent scandium; 
5 about 0.2 to about 0.8 weight percent grain refiners ; 

and 

the remainder consisting essentially of aluminum and 
incidental impurities . 
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108. An aluminum- based alloy comprising: 

from about 2.7 to about 6.0 weight percent magnesium; 
from about 0.02 to about 10.0 weight percent scandium; 

and 

5 from about 60 to about 9 7 weight percent aluminum. 

109. An aluminum- based alloy, as claimed in claim 108, 
wherein said alloy comprises from about 0.1 to about 0.5 
weight percent scandium. 

110. An aluminum- based alloy, as claimed in claim 109, 
10 wherein said alloy comprises from about 0.2 to about 0.4 

weight percent scandium. 

111. An aluminum- based alloy, as claimed in claim 108, 
wherein the alloy further comprises zirconium. 

112. An aluminum- based alloy, as claimed in claim 108, 
15 wherein the alloy further comprises titanium. 

113. An aluminum- based alloy, as claimed in claim 108, 
wherein the alloy further comprises manganese. 

114. An aluminum- based alloy, as claimed in claim 108, 
wherein the alloy further comprises yttrium. 

20 115. An aluminum- based alloy, as claimed in claim 108, 

wherein the alloy further comprises hafnium. 

116. An aluminum- based alloy, as claimed in claim 108, 
consisting essentially of: 

from about 2.7 to about 6.0 weight percent magnesium; 
25 from about 0.02 to about 4.0 weight percent scandium; 

from about 0.1 to about 1.5 weight percent grain 
refiners ; and 

the remainder consisting essentially of aluminum. 



WO 95/32074 



PCT/US95/06684 



-105- 

117. An aluminum- based alloy, as claimed in claim 116, 
consisting essentially of: 

about 5.0 weight percent magnesium; 

about 0,50 weight percent scandium; 
5 about 0.2 to about 0.8 weight percent grain refiners; 

and 

the remainder consisting essentially of aluminum and 
incidental impurities . 
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118. An aluminum- based alloy comprising: 

from about 3.0 to about 15.0 weight percent silicon; 
from about 0.02 to about 10.0 weight percent scandium; 

and 

5 from about 84 to about 9 7 weight percent aluminum. 

119. An aluminum-based alloy, as claimed in claim 118, 
wherein said alloy comprises from about 0.1 to about 0.5 
weight percent scandium. 

120. An aluminum-based alloy, as claimed in claim 119, 
10 wherein said alloy comprises from about 0.2 to about 0.4 

weight percent scandium. 

121. An aluminum-based alloy, as claimed in claim 118, 
wherein the alloy further comprises titanium. 

122. An aluminum-based alloy, as claimed in claim 118, 
15 wherein the alloy further comprises yttrium. 

123. An aluminum- based alloy, as claimed in claim 118, 
wherein the alloy further comprises hafnium. 

124. An aluminum- based alloy, as claimed in claim 118, 
wherein the alloy further comprises zirconium. 

20 125. An aluminum- based alloy, as claimed in claim 118, 

consisting essentially of: 

from about 3.0 to about 15.0 weight percent silicon; • 
from about 0.02 to about 4.0 weight percent scandium; 
from about .01 to about 1.5 weight percent grain 
25 refiners; and 

the remainder consisting essentially of aluminum and 
incidental impurities . 
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126. An aluminum- based alloy, as claimed in claim 125, 
consisting essentially of: 

about 5.3 weight percent silicon; 

about 0.50 weight percent scandium; 
5 about 0.2 to about 0.8 weight percent grain refiners ; 

and 

the remainder consisting essentially of aluminum and 
incidental impurities . 
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127. - An aluminum- based alloy comprising: 

from about 3.5 to about 5.5 weight percent copper; 
from about 0.40 to about 2.0 weight percent lithium; 
from about 0.01 to about 0.80 weight percent silver; 
5 from about 0.01 to about 1.5 weight percent magnesium; 

from about 0.02 to about 0.5 weight percent scandium; 
from about 0 . 0 to about 1.0 weight percent zirconium; 

and 

from about 60 to about 9 6 weight percent aluminum, 
10 wherein said alloy is substantially free of zinc. 

128. An aluminum- based alloy, as claimed in claim 127, 
wherein said alloy comprises from about 0.2 to about 0.5 
weight percent scandium. 

129. An aluminum-based alloy, as claimed in claim 127, 
15 wherein said alloy comprises from about 0.01 to about 1.0 

weight percent zirconium. 

130. An aluminum- based alloy, as claimed in claim 129, 
wherein said alloy comprises from about 0.05 to about 0.22 
weight percent zirconium. 

20 131. An aluminum- based alloy, as claimed in claim 127, 

wherein a weight ratio of the scandium to the zirconium in 
the compositions and the filler alloy ranges from about 
50:1 to about 0.02:1. 
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132. An aluminum- based alloy, as claimed in claim 127 # 
consisting essentially of: 

from about 3.5 to about 5.5 weight percent copper; 
from about 0.40 to about 2.0 weight percent lithium; 
5 from about 0,01 to about 0.80 weight percent silver; 

from about 0.01 to about 1.5 weight percent magnesium; 
from about 0.02 to about 0.5 weight percent scandium; 
from about 0.1 to * about 1.5 weight percent grain 
refiners; and 

10 the remainder consisting essentially of aluminum and 

incidental impurities . 

133. An aluminum- based alloy, as claimed in claim 132, 
consisting essentially of: 

about 4.0 weight percent copper; 
15 about 1.0 weight percent lithium; 

about 0.40 weight percent silver; 
about 0.40 weight percent magnesium; 
about 0.40 weight percent scandium; 

about 0.2 to about 0.5 weight percent grain refiners; 

20 and 

the remainder consisting essentially of aluminum and 
incidental impurities . 
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134. A method for assembling a bicycle frame, 
comprising the steps of: 

forming a first tube, wherein at least a portion of 
said first tube comprises scandium; 
5 forming a second tube, wherein at least a portion of 

said second tube comprises scandium; and 

joining said first and second tubes together. 

135. A method, as claimed in Claim 134, wherein: 

at least part of said at least a portion of said first 
10 tube and at least part of said at least a portion of said 

second tube are positioned in abutting engagement. 

13 6. A method, as claimed in Claim 134, wherein: 

all of said first and said second tubes comprise 

scandium. 

15 137. A method, as claimed in Claim 134, wherein: 

said forming first and second tubes steps each 
comprise forming a wall thickness of less than about 
2 . 0 mm. 

13 8. A method, as claimed in Claim 134, wherein said 
2 0 steps of forming first and second tubes each comprise: 

selecting compositions for the first and second tubes, 
the compositions comprising scandium and at least about 60 
weight percent aluminum. 

13 9. A method, as claimed in claim 13 8, wherein the 
25 compositions each comprise from about 0.02 to about 10.0 
weight percent scandium. 
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140. A method, as claimed in claim 139, wherein the 
compositions each comprise from about 0.1 to about 0.5 
weight percent scandium. 

141. A method, as claimed in claim 138, wherein the 
5 compositions each further comprise zirconium. 

142. A method, as claimed in claim 141, wherein the 
compositions each comprise from about 0.01 to about 1.0 
weight percent zirconium. 

143. A method, as claimed in claim 142, wherein the 
10 compositions each comprise from about 0.05 to about 0.22 

weight percent zirconium. 

144. A method, as claimed in claim 141, wherein a 
weight ratio of the scandium to the zirconium in each of 
the compositions ranges from about 1000:1 to about 0.02:1. 

15 145. A method, as claimed in Claim 13 8, wherein: 

said joining step comprises the step of welding. 

146. A method, as claimed in Claim 145, further 
comprising the step of: 

selecting a filler alloy comprising scandium, said 
20 welding step utilizing said filler alloy. 

147. A method, as claimed in claim 146, wherein the 
filler alloy comprises from about 0.02 to about 10.0 weight 
percent scandium. 

148. A method, as claimed in claim 147, wherein the 
25 filler alloy comprises from about 0.1 to about 0.5 weight 

percent scandium. 

149. A method, as claimed in claim 146, wherein the 
filler alloy further comprises zirconium. 
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150. A method, as claimed in claim 149, wherein the 
filler alloy comprises from about 0.01 to about 1.0 weight 
percent zirconium. 

151. A method, as claimed in claim 150, wherein the 
5 filler alloy comprises from about 0.05 to about 0.22 weight 

percent zirconium. 

152. A method, as claimed in claim 149, wherein a 
weight ratio of the scandium to the zirconium in the filler 
alloy ranges from about 1000:1 to about 0.02:1. 

10 153. A method, as claimed in claim 146, wherein the 

filler alloy is substantially free of lithium. 

154. A method, as claimed in claim 146, wherein the 

compositions and the filler alloy each comprise from about 

0.02 to about 4.0 weight percent scandium. 
15 155. A method, as claimed in claim 154, wherein the 

compositions and the filler alloy each comprise from about 

0.1 to about 0.5 weight percent scandium. 

156. A method, as claimed in claim 146, wherein the 
compositions and the filler alloy each further comprise 

20 zirconium. 

157. A method, as claimed in claim 156, wherein the 
compositions and the filler alloy each comprise from about 
0.01 to about 1.0 weight percent zirconium. 

158. A method, as claimed in claim 157, wherein the 
25 compositions and the filler alloy each comprise from about 

0.05 to about 0.22 weight percent zirconium. 
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159. A method, as claimed in claim 156 , wherein a 
weight ratio of the scandium to the zirconium in the 
compositions and the filler alloy ranges from about 1000:1 
to about 0.02:1. 
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160. A method for repairing a welded joint between 
first and second structures which is formed by a filler 
alloy, comprising the steps of: 

grinding away at least a portion of said welded joint; 

5 and 

rewelding said first and second structures together 
with a filler alloy comprising scandium. 
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161. An assembly comprising: 

a first part having a composition comprising at least 
about 60 weight percent aluminum; 

a second part having a composition comprising at least 
5 about 60 weight percent aluminum; and 

a weld bead interconnecting said first and second 
parts, said weld bead comprising a filler alloy comprising 
scandium and at least about 60 weight percent aluminum. 

162. An assembly, as claimed in Claim 161, wherein 
10 said filler alloy further comprises zirconium. 

163. An assembly, as claimed in Claim 161, wherein 
said filler alloy is substantially free of lithium. 

164. An assembly, as claimed in Claim 161, wherein 
said compositions of said first and second parts each 

15 further comprise scandium. 

165. An assembly, as claimed in Claim 164, wherein 
said compositions of said first and second parts each 
further comprise zirconium. 

166. An assembly, as claimed in Claim 162, wherein 
2 0 said filler alloy comprises aluminum and grain refiners, 

said grain refiners consisting essentially of scandium and 
zirconium. 
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167. A bicycle frame comprising: 
a first tube; and 

a second tube interconnected with said, first tube, 
wherein at least a portion of at least one of said first 
5 and second tubes comprises scandium. 

168. A bicycle frame, as claimed in Claim 167, further 
comprising : 

a weld bead interconnecting said first and second 
tubes, said weld bead including a filler alloy comprising 
10 scandium. 

169. A bicycle frame, as claimed in Claim 168, wherein 
said first and second tubes and said weld bead each further 
comprise at least about 60 weight percent aluminum. 

170. A bicycle frame, as claimed in Claim 169, wherein 
15 said first and second tubes and said weld bead each further 

comprise zirconium. 
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171. * Recreational products comprising aluminum alloys, 
said aluminum alloys comprising: 

from about 0.02 to about 10.0 weight percent scandium; 

and 

5 from about 0.10 to about 1.0 weight percent zirconium. 

172. Recreational products as claimed in Claim 171, 
wherein said aluminum alloy is a 2 XXX type alloy. 

173 / Recreational products as claimed in Claim 172, 
wherein said 2xxx type alloy is a ternary 2 XXX type alloy, 
10 said ternary type 2 XXX type alloy further comprising: 

from about 2,0 to about 7.0 weight percent copper; and 
from about 0.20 to about 2.0 weight percent magnesium. 
174. Recreational products as claimed in Claim 173, 
wherein said recreational products are selected from* the 
15 group consisting of bicycle components, including 
handlebars, pedals, seat posts, handlebar stems, wheel 
rims, cranks, crank arms, handlebar extensions, brake 
mechanisms, spokes, bottle cages, racks, derailleurs, 
saddles and suspension forks. 
20 175. Recreational products as claimed in Claim 172, 

wherein said 2 XXX type alloy is an elevated temperature 
2 XXX type alloy, said elevated temperature type alloy 
further comprising: 

from about 2.0 to about 7.0 weight percent copper; and 
2 5 from about 0.20 to about 2.0 weight percent magnesium. 
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176; Recreational products as claimed in Claim 175, 
wherein said recreational products are selected from the 
group consisting of motorbikes, motorbike components, 
jetskis and snowmobiles. 
5 177. Recreational products as claimed in Claim 171, 

wherein said aluminum alloy is a 6 XXX type alloy. 

178. Recreational products as claimed in Claim 177, 
said 6 XXX type alloy further comprising: 

from about 0.10 to about 2.0 weight percent silicon; 

10 and 

from about 0.60 to about 1.5 weight percent magnesium. 

179. Recreational products as claimed in Claim 177, 
wherein said recreational products are selected from the 
group consisting of bicycle components and racquets. 

15 180. Recreational products as claimed in Claim 179, 

wherein said bicycle components are selected from the group 
consisting of handlebars, pedals, seat posts, handlebar 
stems, wheel rims, cranks, crank arms, handlebar 
extensions, brake mechanisms, spokes, bottle cages, racks, 

20 derailleurs, saddles and suspension forks. 

181. Recreational products as claimed in Claim 179, 
wherein said racquets are selected from the group 
consisting of tennis racquets, squash racquets, badminton 
racquets and racquetball racquets. 

25 182. Recreational products as claimed in Claim 171, 

wherein said aluminum alloy is a 7 XXX type alloy. 
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183. Recreational products as claimed in Claim 182 , 
wherein said 7 XXX alloy is a high strength 7 XXX type alloy, 
said high strength 7 XXX type alloy further comprising: 

from about 4.5 to about 10.0 weight percent zinc; 
5 from about 1.0 to about 3.5 weight percent magnesium; 

and 

from about 0.5 to about 3.0 weight percent, copper. 

184. Recreational products as claimed in Claim 183, 
wherein said recreational products are selected from the 

10 group consisting of bats, arrows, ski poles, hockey sticks, 
bicycle frames, bicycle components, golf shafts, golf club 
heads, racquets, athletic wheelchairs, tent poles, 
snowshoes, backpack frames, *-i.nd surfing frames, lacrosse 
sticks, sailboat masts and jooms, javelins, motorbikes, 

15 motorbike components, jetskis and snowmobiles. 

185. Recreational products as claimed in Claim 182, 
wherein said 7XXX type alloy is a weldable 7 XXX type alloy, 
said weldable 7XXX type alloy further comprising: 

from about 4 . 5 to about 10.0 weight percent zinc; and 
20 from about 1.0 to about 3.5 weight percent magnesium. 

186. Recreational products as claimed in Claim 185, 
wherein said recreational products are selected from the 
group consisting of arrows, ski poles, bicycle frames, 
bicycle components, racquets, athletic wheelchairs, 

25 motorbikes, motorbike components and snowmobiles. 

187. Recreational products as claimed in Claim 171, 
wherein said aluminum alloy is a 5 XXX type alloy. 



WO 95/32074 



PCT/US95/06684 



-120- 

188. Recreational products as claimed in Claim 187, 
said 5 XXX alloy further comprising: 

from about 1.0 to about 10.0 weight percent magnesium. 

189. Recreational products as claimed in Claim 187, 
5 wherein said recreational products are selected from the 

group consisting of bicycle components, racquets, tent 
poles, snowshoes, backpack frames, windsurfing frames, 
sailboat masts and booms, motorbikes, motorbike components, 
jetskis and snowmobiles. 

10 19 0. Recreational products as claimed in Claim 171, 

wherein said aluminum alloy is a 4 XXX type alloy. 

191. Recreational products as claimed in Claim 190, 
said 4 XXX type alloy further comprising: 

from about 3.5 to about 15.0 weight percent silicon. 

15 192. Recreational products as claimed in Claim 19 0, 

wherein said recreational products are selected from the 
group consisting of motorbike components and snowmobiles. 

193. Recreational products as claimed in Claim 171, 
wherein said aluminum alloy is an aluminum- copper- lithium- 

2 0 magnesium alloy. 

194. Recreational products as claimed in Claim 193, 
said aluminum- copper- lithium- magnesium alloy further 
comprising : 

from about 2.0 to about 7.0 weight percent copper; 
25 from about 0.20 to about 2.5 weight percent lithium; 

and 

from about 0.05 to about 2.0 weight percent magnesium. 
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195, Recreational products as claimed in Claim 193, 
wherein said recreational products are selected from the 
group consisting of arrows, hockey sticks, bicycle frames, 
bicycle components, golf shafts, golf club heads, racquets, 

5 athletic wheelchairs, tent poles, snowshoes, backpack 
frames, lacrosse sticks and javelins. 

196. Recreational products as claimed in Claim 171 , 
wherein said aluminum alloy is a aluminum- lithium-magnesium 
alloy. 

10 197. Recreational products as claimed in Claim 196, 

said aluminum- lithium- magnesium alloy further comprising: 
from about 2.0 to about 8.0 weight percent magnesium; 

and 

from about 0.50 to about 2.5 weight percent lithium. 

15 198. Recreational products as claimed in Claim 196, 

wherein said recreational products are selected from the 
group consisting of ski poles, hockey sticks, bicycle 
frames, bicycle components, racquets, athletic wheelchairs, 
tent poles, snowshoes, backpack frames, wind surfing 

2 0 frames, sailboat masts and booms, javelins, motorbikes, 
motorbike components, jetskis and snowmobiles. 
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199. Aerospace structures and components comprising an 
aluminum alloy, said aluminum alloy comprising: 

from about 0.20 to about 10.0 weight percent scandium; 

and 

5 from about 0.10 to about 1.0 weight percent zirconium. 

200. Aerospace structures and components as claimed in 
Claim 199 wherein said aluminum alloy is a 2 XXX type alloy. 

201. Aerospace structures and components as claimed in 
Claim 200, wherein said 2 XXX type alloy is a binary 2 XXX 

10 type alloy, said binary 2 XXX type alloy further comprising: 
from about 2.0 to about 7.0 weight percent copper. 

202. Aerospace structures and components as claimed in 
Claim 201, wherein said aerospace structures and components 
are selected from the group consisting of propellant tanks, 

15 including domes, skirt structures, inner tank structures, 
isogrid structures and integrally stiffened extruded barrel 
panels for launch vehicles. 

203. Aerospace structures and components as claimed in 
Claim 200, wherein said 2 XXX type alloy is a ternary 2 XXX 

20 type alloy, said ternary 2 XXX type alloy further 
comprising ; 

from about 2.0 to about 7.0 weight percent copper; and 
from about 0.20 to about 2.0 weight percent magnesium. 
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204. Aerospace structures and components as claimed in 
Claim 203, wherein said aerospace structures and components 
are selected from the group consisting of lower wing skins, 
fuselage skins and frames, leading edges, propellers, 

5 engine structure and inlet ducts, avionic equipment 
mountings and cases, supersonic transport skins and 
integrally stiffened extruded barrel panels for aircraft, 
propellant tanks, including domes, skirt structures, inner 
tank structures, isogrid structures and integrally 
10 stiffened extruded barrel panels for launch vehicles. 

205. Aerospace structures and components as claimed in 
Claim 200, wherein said 2 XXX type alloy is an elevated 
temperature 2 XXX type alloy, said elevated temperature 2 XXX 
type alloy further comprising: 

15 from about 2.0 to about 7.0 weight percent copper; and 

from about 0.20 to about 2.0 weight percent magnesium. 

206. Aerospace structures and components as claimed in 
Claim 2 05, wherein said aerospace structures and components 
are selected from the group consisting of engine structure 

20 and inlet ducts and supersonic transport skins for 
aircraft . 

207. Aerospace structures and components as claimed in 
Claim 199 , wherein said aluminum alloy is a 7 XXX type 
alloy. 

25 208. Aerospace structures and components as claimed in 

Claim 207, wherein said 7XXX type alloy is a high strength 
7 XXX type alloy. 
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209. Aerospace structures and components as claimed in 
Claim 208, said high strength 7 XXX type alloy further 
comprising : 

from about 4.5 to about 10.0 weight percent zinc; 
5 from about 1.0 to about 3.5 weight percent magnesium; 

and 

from about 0.50 to about 3.0 weight percent copper. 

210. Aerospace structures and components as claimed in 
Claim 208, wherein said aerospace structures and components 

10 are selected from the group consisting of upper wing skins, 
lower wing skins, seat tracks, fuselage skins, propellers, 
fuselage frames, stingers, floor beams, cargo tracks, 
leading edges, avionic equipment mountings and cases, and 
integrally stiffened extruded barrel panels for aircraft, 

15 and skirt structures, inner tank structures, isogrid 
structures and integrally stiffened extruded barrel panels 
for launch vehicles. 

211. Aerospace structures and components as claimed in 
Claim 207, wherein said 7XXX type alloy is a weldable 7 XXX 

2 0 type alloy. 

212. Aerospace structures and components as claimed in 
Claim 211, said weldable 7 XXX type alloy further 
comprising : 

from about 4.5 to about 10.0 weight percent zinc; and 
25 from about 1.0 to about 3.5 weight percent magnesium. 
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213. Aerospace structures and components as claimed in 
Claim 211, wherein said aerospace structures and components 
are selected from the group consisting of upper wing skins, 
lower wing skins and integrally stiffened extruded barrel 

5 panels for aircraft, and propellant tanks, including domes, 
skirt structures, inner tank structures, isogrid structures 
and integrally stiffened extruded barrel panels for launch 
vehicles . 

214. Aerospace structures and components as claimed in 
L0 Claim 19 9, wherein said aluminum alloy is a 5 XXX type 

alloy. 

215. Aerospace structures and components as claimed in 
Claim 214, said 5 XXX type alloy further comprising:. 

from about 1.0 to about 10.0 weight percent magnesium; 

!5 216. Aerospace structures and components as claimed in 

Claim 214, wherein said aerospace structures and components 
are selected from the group consisting of lower wing- skins 
and integrally stiffened extruded barrel panels for 
aircraft, and skirt structures, inner tank structures, 

20 isogrid structures and integrally stiffened extruded barrel 
panels for launch vehicles. 

217. Aerospace structures and components as claimed in 
Claim 199, wherein said aluminum alloy is an aluminum- 
copper- lithium-magnesium alloy. 
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218. Aerospace structures and components as claimed in 
Claim 217, said aluminum- copper- lithium-magnesium alloy 
further comprising : 

from about 2.0 to about 7.0 weight percent copper; 
5 from about 0.20 to about 2.5 weight percent lithium; 

and 

from about 0.05 to about 2.0 weight percent magnesium. 

219. Aerospace structures and components as claimed in 
Claim 217, wherein said aerospace structures and components 

10 are selected from the group consisting of upper wing skins, 
seat tracks, fuselage skins, fuselage frames, stringers, 
floor beams, cargo tracks, leading edges, propellers, 
engine structures and inlet ducts, supersonic transport 
skins, avionic equipment mountings and cases and integrally 

15 stiffened extruded barrel panels for aircraft, and 
propellant tanks, including domes, skirt structures, inner 
tank structures, isogrid structures and integrally 
stiffened extruded barrel panels for launch vehicles. 

220. Aerospace structures and components as claimed 
20 inn Claim 199, wherein said aluminum alloy is an aluminum- 
magnesium- lithium alloy. 

221. Aerospace structures and components as claimed in* 
Claim 22 0, said aluminum- magnesium- lithium alloy further 
comprising: 

25 from about 2.0 to about 8.0 weight percent magnesium; 

and 

from about 0.50 to about 2.5 weight percent lithium. 
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222.' Aerospace structures and components as claimed in 
Claim 220, wherein said aerospace structures and components 
selected from the group consisting of upper wing skins, 
- floor beams and integrally stiffened extruded barrel panels 
5 for aircraft, and propellant tanks, including domes, skirt 
structures, inner tank structures, isogrid structures and 
integrally stiffened extruded barrel panels for launch 
vehicles . 
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223 * Ground transportation structures comprising an 
aluminum alloy , said aluminum alloy comprising: 

from about 0.02 to about 10.0 weight percent scandium; 

and 

5 from about 0.01 to about 1.0 weight percent zirconium. 

224. Ground transportation structures as claimed in 
Claim 223, said aluminum alloy comprising 2 XXX type alloys. 

225. Ground transportation structures as claimed in 
Claim 224, wherein said 2 XXX type alloy is a binary 2 XXX 

10 type alloy. 

226. Ground transportation structures as claimed in 
Claim 225, said binary 2 XXX type alloy further comprising: 

from about 2.0 to about 7.0 weight percent copper. 

227. Ground transportation structures as claimed in 
15 Claim 225, wherein said ground transportation structures as 

selected from the group consisting of bumpers, sheet 
products, including body panels, hoods, doors, and inner 
panels, seat frames and armor plate. 

228. Ground transportation structures as claimed in 
20 Claim 224, wherein said 2 XXX type alloy is a ternary 2 XXX 

type alloy. 

229. Ground transportation structures as claimed in 
Claim 22 8, said ternary 2 XXX type alloy further comprising: 

from about 2.0 to about 7.0 weight percent copper; and 
25 from about 0.20 to about 2.0 weight percent magnesium. 
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230. Ground transportation structures as claimed in 
Claim 228, wherein said ground transportation structures as 
selected from the group consisting of bumpers, sheet 
products, including body panels, hoods, doors and inner 

5 panels, seat frames, bumper plate, people movers, including 
shuttle buses and monorails, suspension parts and mounting 
brackets and details. 

231. Ground transportation structures as claimed in 
Claim 224, wherein said 2 XXX type alloy is an elevated 

10 temperature 2 XXX type alloy. 

232. Ground transportation structures as claimed in 
Claim 231, said elevated temperature 2 XXX type alloy 
further comprising: 

from about 2.0 to about 7.0 weight percent copper; and 
15 from about 0.20 to about 2.0 weight percent magnesium.. 

233. Ground transportation structures as claimed in 
Claim 234, wherein said Ground transportation structures as 
selected from the group consisting of connecting rods and 
cylinder heads. 

20 234. Ground transportation structures as claimed in 

Claim 223, wherein said aluminum alloy is 6 XXX type alloy. 

235. Ground transportation structures as claimed in 
Claim 234, said 6 XXX type alloy further comprising: 

from about 0.10 to about 2.0 weight percent silicon; 

25 and 

from about 0.60 to about 1.5 weight percent magnesium. 
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236. Ground transportation structures as claimed in 
Claim 234, wherein said ground transportation structures 
are selected from the group consisting of automotive space 
frames, sheet products, including body panels, hoods, doors 

5 and inner panels), seat frames, people movers, including 
shuttle buses and monorails, and mounting brackets and 
details . 

237. Ground transportation structures as claimed in 
Claim 227, wherein said aluminum alloy is a 7 XXX type 

10 alloy. 

238. Ground transportation structures as claimed in 
Claim 237, wherein said 7 XXX type alloy is a high strength 
7 XXX type alloy. 

239. Ground transportation structures as claimed in 
15 Claim 238, said high strength 7 XXX type alloy further 

comprising : 

from about 4.5 to about 10.0 weight percent zinc; 
from about 1.0 to about 3.5 weight percent magnesium; 

and 

20 from about 0.5 to about 3.0 weight percent copper. 

240. Ground transportation structures as claimed in 
Claim 238, wherein said ground transportation structures 
are selected from the group consisting of bumpers, sheet 
products, including body panels, hoods, doors and inner 

2 5 panels, connecting rods, armor plate, people movers, 
including shuttles and monorails, suspension parts and 
mounting brackets and details. 
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241. Ground transportation structures as claimed in 
Claim 237 , wherein said 7 XXX type alloy is a weldable 7 XXX 
type alloy. 

242. Ground transportation structures as claimed in 
5 Claim 241, said weldable 7 XXX type alloy further 

comprising : 

from about 4.5 to about 10.0 weight percent zinc; and 
from about 1.0 to about 3.5 weight percent magnesium. 

243. Ground transportation structures as claimed in* 
10 Claim 241, wherein said ground transportation structures 

are selected from group consisting of automotive space 
frames, bumpers, sheet products, including body ^panels, 
hoods, doors and inner panels, seat frames, armor plate, 
liquid and cryogenic liquid transportation tanks, people 
15 movers, including shuttles and monorails, suspension parts 
and mounting brackets and details. 

244. Ground transportation structures as claimed in 
Claim 223, wherein said aluminum alloy is a 5 XXX type 
alloy. 

20 245. Ground transportation structures as claimed in 

Claim 244, said 5 XXX type alloy further comprising: 

from about 1.0 to about 10.0 weight percent magnesium. 
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246. Ground transportation structures as claimed in 
Claim 244, wherein said ground transportation structures 
are selected from the group consisting of automotive space 
frames, bumpers, sheet products, including body panels, 

5 hoods, doors and inner panels, seat frames, liquid and 
cryogenic liquid transportation tanks, people movers, 
including shuttles and monorails, suspension parts and 
mounting brackets and details. 

247. Ground transportation structures as claimed in 
10 Claim 223, wherein said aluminum alloy is a 4 XXX type 

alloy . 

248. Ground transportation structures as claimed in 
Claim 247, said 4 XXX type alloy further comprising: 

from about 3.5 to about 15.0 weight percent silicon. 
15 249. Ground transportation structures as claimed in 

Claim 247, wherein said ground transportation structures 
are selected from the group consisting of transmission 
housings, pistons and cylinder heads. 

250. Ground transportation structures as claimed in 
20 Claim 223, wherein said aluminum alloy is an aluminum- 
copper- lithium-magnesium alloy. 

251. Ground transportation structures as claimed in 
Claim 250, said aluminum- copper- lithium-magnesium alloy 
further compr is ing : 

25 from about 2.0 to about 7.0 weight percent copper; 

from about 0.20 to about 2.5 weight percent lithium; 

and 

from about 0.05 to about 2.0 weight percent magnesium. 
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252. Ground transportation structures as claimed in 
Claim 250, wherein said ground transportation structures 
are selected from a group consisting of connecting rods and 
armor plates. 
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253. Marine structures comprising an aluminum alloy, 
said aluminum alloy comprising: 

from about 0.02 to about 10.0 weight percent scandium; 

and 

5 from about 0.01 to about 1.0 weight percent zirconium. 

254. Marine structures as claimed in Claim 253, 
wherein said aluminum alloy is a 7 XXX type alloy. 

255. Marine structures as claimed in Claim 254, 
wherein said 7XXX type alloy is a high strength 7 XXX type 

10 alloy. 

256. Marine structures as claimed in Claim 255, said 
high strength 7 XXX type alloy further comprising: 

from about 4.5 to about 10.0 weight percent zinc; 
from about 1.0 to about 3.5 weight percent magnesium; 

15 and 

from about 0.05 to about 3.0 weight percent copper. 

257. Marine structures as claimed in Claim 255, 
wherein said marine structures are selected from the group 
consisting of torpedo casings, sea launched missiles and 

20 naval fighter aircraft. 

258. Marine structures as claimed in Claim 254, 
wherein said 7 XXX type alloy is a weldable 7 XXX type alloy. 

259. Marine structures as claimed in Claim 258, said 
weldable 7 XXX type alloy further comprising: 

25 from about 4.5 to about 10.0 weight percent zinc; and 

from about 1.0 to about 3.5 weight percent magnesium. 
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260. Marine structures as claimed in Claim 258, 
wherein said marine structures are selected from the group 
consisting of torpedo casings, sea launched missiles and 
naval fighter aircraft. 
5 261. Marine structures as claimed in Claim 253, 

wherein said aluminum alloy is a 5 XXX type alloy. 

262. Marine structures as claimed in Claim 261, said 
5 XXX type alloy further comprising: 

from about 1.0 to about 10.0 weight percent magnesium. 
10 263. Marine structures as claimed in Claim 261, 

wherein said marine structures are selected from the group 
consisting of canoes and kayaks, torpedo casings, scuba 
diving tanks, sea launched missiles, naval fighter 
aircraft, ferries, yachts and recreational boats. 
15 264. Marine structures as claimed in Claim 253, 

wherein said aluminum alloy is a 4 XXX type alloy. 

265. Marine structures as claimed in Claim 264, said 
4 XXX type alloy further comprising: 

from about 3.5 to about 15.0 weight percent silicon. 
20 266. Marine structures as claimed in Claim 264, 

wherein said marine structures are selected from the group 
consisting of ferries, yachts and recreational boats. 

267. Marine structures as claimed in Claim 253, 
wherein said aluminum alloy is an aluminum- copper- lithium - 
25 magnesium alloy. 
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268. Marine structures as claimed in Claim 267, said 
aluminum-copper-lithium-magnesium alloy further comprising: 

from about 2.0 to about 7.0 weight percent copper; 
from about 0.20 to about 2.5 weight percent lithium; 

5 and 

from about 0.05 to about 2.0 weight percent magnesium. 

269. Marine structures as claimed in Claim 267, 
wherein said marine structures are selected from the group 
consisting of naval fighter aircraft. 

10 270. Marine structures as claimed in Claim 253, 

wherein said aluminum alloy is an aluminum -magnesium- 
lithium alloy. 

271. Marine structures >.s claimed in Claim 270, said 
aluminum-magnesium- lithium a. ~^y further risincu 

15 from about 2 . 0 to about ^ ,0 weight pex t magnesium; 

and 

from about 0.50 to about 2.5 weight perr t lithium. 

272. Marine structures as claimed in Claim 270, 
wherein said marine structures are selected from the group 

2 0 consisting of canoes and kayaks, torpedo casings, scuba 
diving tanks, sea launched missiles, naval fighter 
aircraft, ferries, yachts and recreational boats. 
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Claims Nos.: 

1 1 because they relate to subject matter not required to be searched by this Authority, namely: 



^—^ bccaus^'^heV relate to parts of the international applicauon that do not comply with the prescribed requirements" to such 
an extent that no meaningful internauonaJ search can be carried out, specifically: 



bcca™e^ey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking {Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

For further information please see enclosure! 



1. I | as all required additional search fees were timely paid by the applicant, this international search report covers ail 



searchable claims. 



2. Q As all searchable claims could be searches without efTort justifying an additional fee. this Authority did not invite payment 
of any additional fee. 



3. I I as only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



4. fiTI No required additional search fees were Umely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



1-66,160,161-166 



Remark on Protest 



[ j The additional search fees were accompanied by the applicant's protest 
j j No protest accompanied the payment of additional search fees. 



Form PCT/fSA^lO (continuation of first sheet (I)) (July 1992) 



INTERNATIONAL SEARCH REPORT 



international Application no. PCT/US95/ 06684 



FURTHER INFORMATION CONTINUED FROM PCT/lSA/210 



LACK OF UNITY OF INVENTION 



1. Claims: 1-66,160,161-166 

Method of assembling with Al-based filler alloy 
comprising Sc 

2. Claims: 67-74 and 171-272 

Al-Cu-Mg alloys and uses 

3. Claims: 75-82 and 171-272 

Al-Si-Mn-Mg alloys and uses 

4. Claims: 83-90 and 171-272 

Al-Zn-Mg-Cu alloys and uses 

5. Claims: 91-98,99-107,127-133 and 171-272 

Al-Cu alloys and uses 

6. Claims: 108-117 and 171-272 

Al-Mg alloys and uses 

7. Claims: 118-126 and 171-272 

Al-Si alloys and uses 

8. Claims: 134-159,167-170 

Bicycle frame and method for assembling 



Remark: Subjects 2 to 7 may again give rise to lack of unity 

a posteriori versus the uses if an alloy appears to be 
known. 

Reasoned Statement: 

1. Most, relevant prior art: Paton Welding Journal, 1993, 
Vol.5, N° 12, p. 717-721, disclosing the welding of Al-Li 
alloys containing Sc using an Al-base filler wire containing 
Mg, Mn, Sc and Zr. 

2. The single problem underlying the various solutions appears 
to be: enhancing the weldability of Al-bse alloys by 
increasing the alloy's resistance to hot tearing during weld 
solidification while maintaining or even increasing the 
strength of the weld (see p.l, 1.1-14; p. 4, 1.8-12). 

3. The solution in its broadest form is given in the addition 

of scandium (Sc) to the different Al-alloys and filler' metals 
(p. 13, 1.19-24). 

4. In the context of the invention as presented in the 
description, this addition of Sc represent the technical 
feature which could possibly a priori, be regardea as the 
common concept linking the plurality of inventions. 




INTERNATIONAL SEARCH REPORT 

international ADpiicatton no. PCT/US95/ 06684 

FURTHER INFORMATION CONTINUED FR M PCT/lSA/210 



5. Because a solution based on a technical feature identical to 
that put forward in the present application {p. 13, 1.19-24) 
has been disclosed (see the article "Structure- and mechanical 
properties of welded joints in aluminium - lithium alloys in 
welding with experimental fillers with scandium" r by 

A.G. BRATUKHIN et al published in: Paton Welding Journal, 
1993 f Vol.5, N° 12, p. 717-721), this technical feature cannot 
be regarded as "special technical feature" involved in the 
technical relationship among the different inventions. 
Sines no other technical feature can be distinguished which 
could fulfil this requirement in the light of the prior art, 
there is no single inventive concept underlying the plurality 
of inventions identified in the communication pursuant to 
Art. 17 ( 3 ) (a) . 

6. Consequently there is a lack of unity "a posteriori" and the 
different inventions, not belonging to a common inventive 
concept (in the light of the prior art), are formulated as 
the different subjects in the communication pursuant to 
Art. 17 (3) (a), 

7. Furthermore, searching all these different subjects would 
have caused major additional searching efforts. 

The number of subjects has been restricted to the minimum 
possible . 



